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INTRODUCTION 

An important tool for analyzing the relative effectiveness of gun air 

defense systems is a plot of lines of constant (ISO) probability of kill 

(PK) in the volume of space surrounding the planned deployment of the 

system; hence, the name ISO-PK.  These plots are usually presented as 

two-dimensional sections taken at selected places in the volume.  The 

lines of constant kill probability sometimes form eliptical traces and, 

perhaps, for this reason, they are commonly referred to as "footprints". 

This report presents the computer program and explains the algorithm 

which calculates the burst-kill probability and automatically plots the 

footprints on a computer line printer.  Also included in this report is 

an analysis of weapon pointing errors which includes the effects of lead 

angle generation.  This model, which may be termed an error budget model, 

was originally developed for the Air Defense Evaluation Board (ADEB) . 

The expression for burst-kill probability represents a considerable 

improvement in methodology for performing sensitivity analyses of perfor- 

mance parameters of certain gun air defense weapon systems. This expres- 

sion is combined into a computer program that produces plots on a line 

printer, thus greatly reducing the amount of manual effort needed to 

perform footprint studies. The program has been used most extensively 

for sensitivity analyses. 

Sections of the report describe»in order,the operation of the program 

called "ISO-PK", the error analysis which determines the weapon pointing 

error, and the input data requirements for the ISO-PK program.  The pro- 

gram logic diagram, program FORTRAN source listing, and a sample problem 

WECOM ADEB Task Force, Analysis of Air Defense Gun Systems, Technical 
Note RE-TR-70-191, Research and Engineering Directorate, HQ, US Army 
Weapons Command, Rock Island, IL, October 1970. 
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are in the final sections. 

FOOTPRINT GEOMETRY 

Consider a coordinate system with an air defense gun system at the 

origin of the axes as shown in Figure 1.  The azimuth angle, a, is measured 

counterclockwise from +X in the X-Y plane.  The elevation angle, e, is 

measured upward from the X-Y plane to the line from the origin to P (this 

line is called the slant range, r). 

Let the X-Y plane represent the ground plane and z represent altitude. 

The target is assumed to be at a point in space with velocity components 

(x, 0, 0) (the dot notation here refers to the first time derivative of 

the variable).  It is of particular interest to know how certain perfor- 

mance characteristics of the gun affect its overall performance in tracking 

and firing at a given target at points along straight lines parallel to 

the X-axis.  These lines may be at various altitudes or at various values 

of Y (crossing ranges). 

The air space around the gun is divided into a 3-dimensional grid so 

that only a discrete number of points P need to be considered.  The user 

may select any plane parallel to the X-Y plane (Z >_ 0) or any plane 

parallel to the Z-X plane (Y > 0), see Figures 2 and 3.  Given the volume 

of space to be considered in terms of limits on X, Y, Z, the ISO-PK program 

establishes a grid in two quadrants of the selected plane.  The grid con- 

tains 100 increments horizontally and 50 increments vertically, corresponding 

roughly to the size of one page of computer paper on a printer with spacing 

increments of 1/10" by 1/6", respectively. 

In the plane there are 51 x 101 - 5151 points denoted by P-JJ ; 1=1,2,' " , 

101; j=l,2,"", 51.  If the plane under consideration is parallel to the 

6 
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X-Y plane (Z > 0), the Y position refers to the crossing range, (see Figure 

2).  If the plane is parallel to the Z-X plane (Y >_ 0), the Z position 

refers to the altitude (see Figure 3). 
•  •  • 

The ISO-PK program computes the variables x, y, z, a, e, r, a, e, r, 

at each point P...  The gun system errors are determined as a function 

of these variables from gun system performance data which is provided as 

input.  The resulting gun system errors are used to compute the burst- 

probability of kill (BPK) from the analytic formula in reference 2.  The 

BPK is calculated about the point of predicted intercept of the target and 

the projectile.  However, the value of the BPK is affixed to the point 

corresponding to the present position of the target (P^)-  Certain values 

of BPK (e.g., 0.05, 0.1, 0.5) and corresponding characters (e.g., H, I, 

K) are specified in the program to correspond to the constant BPK lines 

printed for the footprints.  A character corresponding to the numerical 

value of the BPK is printed whenever the computed value of BPK at a point 

P.. equals or crosses-over one of the specified values.  The lines of 

constant-kill probability then appear as traces of printer characters in 

the plane of the paper.  The matrix of computed BPK is saved during the 

horizontal raster scan and is scanned again in vertical order to fill in 

the contour lines and eliminate any apparent discontinuities in the printed 

lines when the lines have infinite slope. 

Two separate computations are performed at each point P.. and the 

results of both are superimposed on the computer plot.  The first compu- 

tation performed is the BPK determination as previously discussed.  The 

2 
Banash, Robert C, An Analytic Procedure for the Computation of Burst- 
Kill Probabilities in Air Defense.  Technical Note SY-TN9-70, Systems 
Analysis Directorate, HQ, US Army Weapons Command, Rock Island, IL, 
October 1970. 
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second is a determination of possible dead zones caused by gun system 

constraints.  The azimuth and elevation rates of the gun are computed 

and compared with maximum values allowed as specified in the input data. 

If either are greater than the maximums allowed, the letter A (azimuth) 

or E (elevation) will be printed corresponding to the type of constraint 

violated (if both are violated, only an A will appear).  The gun elevation 

is also calculated and compared with the maximum elevation allowed.  If 

the limit is exceeded, an E is printed.  The program also prints the boun- 

dary formed by the maximum effective range of the gun.  The range which is 

used in this comparison is the range at predicted intercept and not the 

slant range at time of burst.  The character R is printed to signify vio- 

lation of this constraint.  Next, at each point P  a hypothetical 

situation concerning total system reaction time is evaluated.  The letter 

T is printed if the target could, at its present velocity, move outside 

the range of the weapon if it was first detected at that point.  This 

provides a means of making a comparative evaluation of a system's ability 

to initiate an engagement against a target suddenly appearing within the 

lethal volume of the system.  In any particular problem, the analyst may 

also insert additional constraint conditions into this part of the program. 

ERROR ANALYSIS 

The BPK subroutine used in the ISO-PK program requires the means and 

standard deviations of the errors associated with the gun system.  These 

errors are divided into two classes.  One is the within-burst errors. 

These are the errors associated with the projectile (e.g., the residual 

dispersion and muzzle velocity variation).  The other class of errors is 

the burst-to-burst errors due to inaccurate gun pointing. 



The gun-pointing errors can be further subdivided into two categories. 

One is the error in the gun position due to errors in sensing the present 

position of the target.  It is assumed that a gun system will measure the 

present position of the target and then, based upon these measurements, 

determine the lead angle necessary to achieve a hit on the target, given 

a certain open fire time.  If these measurements are in error, the system 

will produce an incorrect lead angle (a gun pointing error). 

The other source of gun pointing error is the gun servo mechanism. 

This error is due to the inaccuracies which are usually present in the 

servo system which positions the gun at a generated lead angle.  Figure 4 

shows a schematic of a gun air defense system with the various error 

sources noted (the "Ballistic Errors" are the within-burst errors).  The 

program will accept the mean (bias), the standard deviation, and the 

covariances of the random components of each of the error sources. 

An analysis of the gun pointing errors was reported in reference 2. 

This analysis assumed that sensor errors produced gun pointing errors of 

equal magnitude.  Also, it assumed there was no lead angle generation. 

Consequently, the time of sensing, the time of fire, and the time of pre- 

dicted intercept were all the same (no time of flight).  A modification 

to this analysis is presented here which Includes the time of flight and 

the effects of lead angle generation and approximates the lead angle error 

due to sensor error.  The azimuth and elevation errors produced from this 

analysis is combined with the gun servo errors.  These combined errors are 

then projected into a two dimensional plane at the target at the time of 

predicted intercept.  Note that the target position at predicted inter* 

cept is not the same as the present position of the target. 

2lbid. 
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Sensor Errors 

To determine the gun pointing error due to sensor errors, a first- 

order error analysis is performed on the equations defining the position 

of the gun.  The independent variables in this analysis are the measure- 

ments of the present position of the target (r, a, e, r, a, e), and the 

dependent variables are the azimuth and the elevation of the gun. 

Define the gun barrel position by the vector Z, (Z(l) ■ azimuth, 

Z(2) ■ elevation), and the vector of functions which define Z to be f(X). 

This is 

Z = f(X) 

Where X is the vector of measurements taken at the present position of 

the target 

X = (r, a, e, r, a, e) 

The functions which define the gun position are derived in the Appendix. 

The first-order approximation of the change in the dependent variables 

(AZ) resulting from a small change in the independent variable (AX), 

about a nominal point X = Xo can be expressed as 

AZ = 3f(*> A*  • 
— Y' 
3X      X° 

The small change AX may be interpreted to be a random error associated 

with the measurements of the present position of the target.  That is, 

AX is a random variable with mean K^  and covariance matrix COV(X). 

Therefore, AZ is also a random variable describing the errors in the 

gun pointing position.  Define the mean value of AZ to be Mz and its 

covariance matrix to be COV(Z). 

12 



Let 

FA      L , 
ax xo 

which  is  the Jacobian matrix evaluated  at  the nominal value    X   .     Then 

the mean value of    AZ     is 

E   [AZ]    =  F E[AX] 

or 

E[»]  denotes expected value of the random variable.  Also, the covariance 

matrix of the errors AZ  is given by 

COV(Z) = F COV(X) FT  . 

The partial derivatives necessary to define  F in FORTRAN notation are 

listed in the section titled FORTRAN Program Source Listing, page 56. 

The statistics of the measurement errors  (M^ and COV(X))  are 

assumed to be constant (in time).  However, provisions have been made in 

the ISO-PK program for a user-supplied subroutine which can modify these 

•  .  • 
errors as a function of the engagement parameters (a, e, r, a, e, r). 

This subroutine is called MES1G. 

Gun Servo Errors 

The gun servo errors will be considered next.  Define the mean servo 

error to be the two-vector M  and the (2 x 2) covariance matrix for the 
s 

servo errors to be COV(S).  The first row in M and COV(S)  corresponds 
s 

13 



to azimuth while the second row corresponds to elevation error.  The mean 

values of the gun servo errors are assumed to be constant for a gun system. 

These bias type errors may be likened to a bore sight error. The covari- 

ance matrix is assumed to be a function of the gun rates.  It is also 

assumed that the azimuth and elevation errors are independent of one 

another, so the off-diagonal terms of the matrix COV(S) are zero.  The 

standard deviations of the errors on the azimuth and elevation directions 

are input to the ISO-PK program as a table of values which are a function 

of gun rates.  A corresponding table of gun rates is also input to the 

program.  In the program, the appropriate standard deviations are deter- 

mined by looking up the rates in the table and linearly interpolating 

between the tabular values.  They are then squared to obtain the variances. 

It is expected that detailed system performance models of the servos of 

future gun systems will be developed and represented by these tables for 

evaluations with the ISO-PK program. 

Combining Gun System Errors 

The errors from the gun servo system are assumed to add to the gun 

pointing errors resulting from sensor errors.  Therefore, since these 

two error sources are assumed to be independent, their statistics can 

be added to obtain the mean and covariance of the total gun pointing 

error. 

The gun pointing errors produced by the above analysis are in angular 

units.  However, the errors required by the BPK subroutine are in units 

of length, in a coordinate system centered at the center-of-vulnerability 

of the target.  This coordinate system is perpendicular to the line 

14 



from the gun to the target at time of predicted intercept.  The conversion 

in the elevation direction, from angular units to meters, is achieved by 

multiplying the elevation error by the range  (R)  to the target at pre- 

dicted intercept.  In the azimuth direction, the conversion is obtained 

by multiplying by RCOS(E), where E is the elevation of the target at 

predicted intercept.  The cosine term is needed to convert the azimuth 

error in the ground plane to an azimuth-like (transverse) error in the 

elevated coordinate system. 

The statistics describing the errors, in meters, in the elevated 

coordinate system are as follows: 

Among-Burst Error: 

Mean: M. 

"E 

Covariance: 

("z + V ' 

R COS(E) 

R 

COV(A,E) 

COV(A,E)    CJ2 

R COS(E)   0 

(COV(Z) + COV(S)) 

R COS(E)   0 

These combined statistics are those required to describe the among-burst 

errors.  The BPK subroutine uses the correlation coefficient instead of 

the covariance term COV(A,E).  This correlation coefficient is defined 

as: 

A,E 

COV(A,E) 

VE 

15 
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Within-Burst Errors 

A brief derivation of the within-burst errors is presented here.   A 

similar, more complete derivation can be found in reference 3.  The 

angular residual dispersion error and range variation error of the pro- 

jectile must be projected into the elevated coordinate system centered 

at the target.  Define the errors as follows: 

A - azimuth-like (transverse) angular dispersion 
A 

&    - elevation angular dispersion 
is 

AD - projectile range error 
R 

These errors are assumed to be independent, normally distributed with 

zero means and variances of a2, a2, a2, respectively.  The variance of 
a  e  r 

the projectile range error is due to the muzzle velocity variation. 

m 

Where 

V = muzzle velocity of the projectile 
m 

a2 = variance of the muzzle velocity 

Since there is an error in the range coordinate, the time to equal 

range of the target and projectile must be determined.  This time can be 

approximated by the following if V  >> R. 

AR      AR 

3 
Banash, Robert C, Notes of the University of Michigan Analytic Gun 
Model, Technical Note SY-TN3-70, Systems Analysis Directorate, HQ, 
US Army Weapons Command, Rock Island, IL, April 1970. 
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where 

R ■ range rate of the target 

V ■ velocity of the projectile at range R 
9 

The velocity components of the target in the elevated coordinate 

system are  (ARCOS(E), R, ER),  Where A and E  are the azimuth and 

elevation rates of change of the target at the time of predicted intercept. 

The velocity components of the projectile are  (0, V , 0).  Therefore, 

the relative velocity components between the target and projectile are 

-(ARCOS(E), -V , ER).  The errors» in meters, at the time when the pro- 

jectile and target are at equal range are 

AA1 = R AA - At ARCOS(E) 

AR • 
» R AA + ~  ARCOS(E) 

S 

and 

AE» = R AE + ^ ER 
S 

AA'  is the error in the traverse direction and AE'  is the error in the 

elevation direction.  Since these quantities are sums of independent, 

normal random variables, they have a bivariate normal distribution with 

the following parameters. 

Within-Burst Errors: 

Means: 

E [AA1] « 0 

E [AE1] = 0 

17 



Variances: 

2.    „i  9   f RCOS(E)A \ 2 a,2 (RCOS(E)A \ 

vs  ) 

Correlation coefficient: 

V, E'    ot,ov, 
COV(AA',AE') 

A'CE' 

—i— COV((R AA + RC°^E>A AR), (R AE + f-    AR)) 

1   AE R2 COS(E)   2 

V"E' 
Cr 

At this point all the necessary inputs are presented for the computa- 

tion of burst-probability of kill (BPK) as presented in the form in 

reference 2, starting at page 6.  The following relates the notation used 

in this report to that of reference 2: 

For Within-Burst Errors: 

Mi E E[AAf] 

M2 = E[AEf] 

*a2 -= * 

pa, E PA\E' 

Loc. Cit. 
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For Among-Burat Errors: 

M3 '  MA 

P 5 PA,E 

Before presenting the equation used for BPK from references 2, 3 or 

4, the basic assumption limiting the validity of this equation is 

reiterated: 

a. Target vulnerability area is small compared to the within-burst 

dispersion. 

b. Rounds can be grouped within bursts such that the burst centers 

can be considered independently distributed while the rounds are distri- 

buted independently about the burst centers. 

The ' notation used in the following equations means transpose of the 

indicated matrix. 

Under these assumptions, the equation for BPK is given as: 

-1/2 
BPK I+jA 

• exp{- 1 v1 All-Jd+jA)"1 A] v} 

where n is the number of rounds in the burst and 

2Loc. Cit. 
3Loc. Cit. 
4 
Banash, Robert C., A Markov Chain Approach to Modeling Tracking Error 
In Air Defense Gun Evaluation, Technical Report No. (GADES 3-1), Artillery 
and Air Defense Weapons Directorate, Rock Island Weapons Laboratory, 
Rock Island, IL, September 1971. 
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A - K'P' 
(D 1 2 

W2 

PK 

P is the matrix of characteristic vectors of 

V = 

p030«* 

p«VP 

Finally, 

v = K'1? 

pG
3\ 

Z*-     0 

o   =*, 

M- 

=  K2 

A^ is the target vulnerable area. 
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INPUT DATA DEFINITION 

The input data Is divided into three sections: 

(1)  data to control the planes, (2) gun system data, at which the plots 

are to be made and (3)  target data.  The program is set up such that 

the data for each category is read from a different numbered data set. 

Each category is explained with regard to data content, meaning, and 

format, as follows: 

Control of Selected Planes. 

This data controls the size and location of the planes on which the 

footprint is printed.  It also determines the velocity (magnitude and 

direction) of the target.  Each card is described in the order in which 

it is read.  In the following discussion, the paragraphs are headed by 

the list of variables whose values are read.  Detailed description of 

the variables and how they relate to the program are also presented.  This 

format is also used in the next two sections — Gun Systems Data and 

Target Data. 

NVEL, NCR, NALT, PLOTXY, PLOTXZ 
(315,2L5) 

NVEL - The number of different velocities which will appear on a 
later card.  One plot will be made for each velocity. 

NCR - The number of different crossing ranges at which XZ plots 
are to be made.  The actual values of the crossing ranges 
appears on a later card.  Also, this data only has meaning 
when an XZ plot is to be made. 

NALT - The number of different altitudes at which X-Y plots are 
to be made.  Again the actual values of the altitudes 
appear on a later data card, and this card is of concern 
only when X-Y plots are to be made. 

21 



PLOTXY - This logical constant should be set equal to T (true) if 
X-Y plots (at various altitudes) are to be made.  If no 
X-Y plots are required, it should be set equal to F (false). 

PEOTXZ - This logical constant should be set equal to T (true) if 
XZ plots (at various crossing ranges) are to be made.  If 
no X-Z plots are required, it should be set equal to F 
(false). 

XMIN, XMAX, YMIN, YMAX, ZMIN, ZMAX 
(6F10.0) 

XMIN - The combination of all the data on this card sets the size 
of the plots which are to be made.  XMIN contains the 
minimum value of the X-axis. 

XMAX - The maximum value of the X-axis. 

YMIN - If an X-Y plot is to be made, the minimum value of Y (i.e., 
the minimum crossing range) is contained in the variable 
YMIN. 

YMAX - The maximum value of the Y-axis.  The combination of XMIN, 
XMAX, YMIN, and YMAX describes the size of the X-Y plane. 

ZMIN - If an X-Z plot is to be made, the minimum value of the 
Z-axis (minimum altitude) is contained in this variable. 

ZMAX - The maximum value of the Z-axis.  The combination of XMIN, 
XMAX, ZMIN, and ZMAX describes the size of the X-Z plane. 

VEL (I), I - 1, NVEL 
(7F10.0) 

The VEL array contains the actual values of the different velocities 
for which plots are to be made. The number of velocities which will 
be read is equal to NVEL. 

CRANGE(I), 1*1, NCR 
(7F10.0) 

The CRANGE array contains the actual values of the different 
crossing ranges for which X-Z plots are to be made.  The number 
of values which will be read equals NCR. 
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ALT(I), I - 1, NALT 

The ALT array contains the actual values of the different altitudes 
at which X-Y plots are to be made. The number of values which will 
be read is equal to NALT» 

Altogether, there will be (NVEL*(NCR + NALT)) plots made if both PLOTXY 

and PLOTXZ are initialized to T (true).  If only PLOTXY is equal to true, 

then there will be (NVEL*NALT)  plots.  Where, if only PLOTXZ is equal to 

true, there will be (NVEL*NCR)  plots.  The size of all plots is deter- 

mined by the parameters on the second card. 

Gun Systems Data 

The data contained in this data set describe the parameters related 

to the gun system.  This includes the gun constraints as well as the 

description of the random errors of the system.  The same format will be 

used in this discussion as was used in the previous section in describing 

the data, card by card. 

TITLE 
(20A4) 

This is an 80-character verbal title which appears on all the plots. 
It may contain such identifying information as the name of the 
system being investigated or some particular configuration of a 
system.  The actual content of the information on this card is 
optional but must be limited to 80 characters. 

CALIB 
(15) 

The value of variable CALIB is used to determine from which numbered 
data set the target data is to be read.  In doing this, 10 is added 
to the value of CALIB to determine the data set number. 
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SIGVO, SIGXD, SIGYD, VO 
(4F10.0) 

The standard deviation of the muzzle velocity of the projectile 
(o ).  The units are meters/sec. 
vo 

SIGXD - The standard deviation of the residual dispersion of the 
projectiles in the traverse direction (o ).  This variable 
should be in units of radians. 

SIGYD - The standard deviation of the residual dispersion of the 
projectiles in the elevation direction (o ).  This variable 
should be in units of radians. 

VO   - The mean value of the muzzle velocity of the projectile in 
meters per second. 

EDMAX, ADMAX, TREAC, RNDS, RMAX, ELMAX 
(6F10.0) 

EDMAX - The maximum elevation rate which can be achieved by the 
gun in radians per second. 

ADMAX - The maximum azimuth rate which can be achieved by the gun 
in radians per second. 

TREAC - The reaction time for the gun system in seconds.  This 
reaction time is defined as the time from initial detection 
of a target to the time when the system can begin firing. 

RNDS  - The number of rounds in a burst from the gun. 

RMAX  - The maximum effective range of the projectile in meters. 
This is usually determined by the range at which the 
velocity of the projectile is at such a low level that it 
can no longer inflict damage to the target. 

ELMAX - The maximum elevation angle in radians, to which the gun 
can elevate. 

R, TF 
(2F10.0) 

These two variables are used to determine the ballistic drag 
coefficient of the projectile.  R  is a range in meters and TF 
is the time of flight in seconds to that range.  These two para- 
meters can be taken from anywhere on the range - time of flight 
curve of a projectile, especially if the projectile obeys the 
"3/2 law" for the drag force.  If the projectile doesn't follow 
this law, a good approximation is usually achieved at a range 
which is 2/3 the maximum range. 
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DYNAM, DYNEM, MAXAZ, MAXEL 
(2F10.0,215) 

DYNAM - The mean gun servo error in the azimuth direction.  This 
error is usually considered to be a bore sight error since 
servo mechanisms are usually not designed with a mean error 
in them.  The units are radians. 

DYNEM - The mean gun servo error in the elevation direction. 
This is usually the result of a bore sight error.  The 
units are radians. 

MAXAZ - The number of entries in the azimuth rate - standard 
deviation tables.  (MAXAZ <_ 10) 

MAXEL - The number of entries in the elevation rate - standard 
deviation tables.  (MAXEL <_ 10) 

ELDOT(I), I - 1, MAXEL 
(7F10.0) 

The ELDOT array contains the elevation rate  entries in the 
elevation rate vs. standard deviation tables.  The units are 
radians per second and the number of entries should equal the 
value of MAXEL. 

DYEL(I), I - 1, MAXEL 
(7F10.0) 

The DYEL array contains the standard deviations (in radians) in the 
elevation direction of the gun servo system error.  The quantities 
of this array must correspond in order to the elevation rates in the 
ELDOT array.  The combination of these two arrays (ELDOT - DYEL) 
describes a curve relating the standard deviation of the gun servo 
error in the elevation direction to the gun elevation rate.  A 
linear interpolation between the quantities in these arrays is used 
to achieve the standard deviation of the elevation error at any 
particular value of elevation rate. 

AZDOT(I), I - MAXAZ 
(7F10.0) 

The AZDOT array contains the gun azimuth rate entries in the azimuth 
rate vs. standard deviation tables.  The units are radians per 
second and the number of entries should equal the value of MAXAZ. 
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DYAZ(I), I - MAXAZ 
(7F10.0) 

The DYAZ contains the standard deviations (in radians) in the 
azimuth direction of the gun servo system error.  As was the case 
with the DYEL array, the entries in the DYAZ array should correspond 
to the rates in the AZDOT array, and a linear interpolation is used 
to find the standard deviation at any particular value of azimuth 
rate. 

XM (I) 
(6F10.0) 

The XM array contains the mean value of the measurement errors. 
Earlier in the text of this report these quantities were described 
with the symbol Ef .  The units are radians - meters - seconds. 
The order is:  1) range,  2) azimuth,  3) elevation,  4) range 
rate,  5) azimuth rate,  6) elevation rate. 

I 

3rd card - p    p    a  p  •  p  •  p 
r,e  a,e  e  e,r  e,a  e,e 

etc. 

Target Data 

The target is described as a combination parallelepipeds which 

represent the vulnerable components which make up the target.  There may 

be as many as seven components which make up the target.  Three values 

26 

SIG (I, J) 
(6F10.0) 

The SIG matrix contains the standard deviations and correlation 
coefficients of the measurement errors.  The terms on the diagonal 
of this 6x6 symmetric matrix are the standard deviations of the 
errors.  The off diagonal terms are the correlation coefficients. 
The matrix is read in one row at a time (i.e., one row per card) 
following the same order as the mean errors.  This is, range first, 
azimuth second, etc.  The units are radians - meters - seconds.  To 
illustrate the order of the cards, the information on the first 
three cards is as follows: 

1st card - a  p    p    p  •  p  •  p 
r  r,a  r,e  r,r  r,a  r,e 

2nd card - p    o*  p    p  •  p  •  p 
r,a  a  a,e  a,r  a,a  a,e 



of each of the six faces of the components are input to the program.  The 

three values of each area correspond to the vulnerable area presented as 

a function of projectile striking velocity.  Presently, the program is 

set up so that the first area for each face is for striking velocity 

of 500 ft/sec and the second area is for 1000 ft/sec.  The third value is not 

currently being used; however, space must be allowed for it on the data 

cards.  As was mentioned in the previous section, the value of the 

variable CALIB is used to determine the numbered data set on which this 

target data is found.  A card by card description of the data is given 

below. 

EMAX 
(15) 

The number of vulnerable components from which the target is made 
should be read into the variable EMAX. 

S(I, J, K) 
(6F10.5) 

The S  array contains the values of the areas of the faces of the 
vulnerable components in units of square meters.  Because of the 
format by which these quantities are read, three cards are required 
to define each of the (EMAX) components.  The first three quantities 
on the first card are the three areas of the front side of the 
component, while the second three are the areas of the rear of the 
component.  On the second card are the areas of the port and star- 
board sides of the component (in that order).  And on the last card 
the areas of the bottom and top sides of the component are given 
(in that order). 

Next page is blank. 
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LOGIC DIAGRAM 

A schematic diagram of the program and subprogram logic is presented 

in Figure 5. 

Next page is blank, 
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MAIN PROGRAM 

Q 

Read Plotting Scale 
Parameters And 

Control Options, 
Target Velocities, 

Altitudes 
And Crossing Ranges 

I 
Print 75ut List Ot 
PK ISO-Bars And 
Corresponding 

Plotting Characters, 
Also Print Plotting 

Characters For 
System Constraints 

Call Subroutine 
C0MPK1 & Give 

Exit Label If It 
Is Not Ready 

For Another Run 

I 
Do Thru a 

For Each Target 
Velocity 

I 
Set Target Velocity 
Components in Z And 
Y Directions To Zero 

Exit For 

C0MPK1 

(Stop | 
iRun  I 

Set X Component 
Equal To Target Velocity 

C 
( 

I 
Is A Plot In XY 
Plane Desired? 

No 

I Yes 
Do Thru ß For 

Each Target Altitude 

S 
) 

Figure 5.  Logic Diagram (1 of 8) 
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9. 
Set Z Equal 

To Target Altitude 

I 
Call For Plot Using 
Y As Vertical Scale 
And Label Y-Axis As 
"Crossing Range, M." 

I 
Print Out Title Card 

For Gun System, Target 
Velocity And Target Altitude 

C 
yß/Loop 

Is A Plot In XZ Plane 
Desired? 

I 
~y-o 

Yes 

Do Thru Y For 
Each Target Crossing 

Range 

) 

Set Y Equal To 
Crossing Range 

Call For Plot Using 
Z As Vertical Scale 
And Label Z-Axis As 
"Altitude, Meters" 

I 
Print Out Title Card 

For Gun System, Target 
Velocity And Target 

Crossing Range 

Loop O 

Figure 5.  Logic Diagram (2 of 8) 
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SUBROUTINE PLOT 

Initialize X-Axis 
And "B"-Axis For 

Plotter Subroutine. 
Initialize Plotting 

Matrix. 

I 
Initialize Save-Matrix 
For Burst Kill Prob. 

(BPK) 

I 
Initialize X to Xmin 
For Sweep Left To 

Right 

( 

I 
Do Thru a 

For IX-1, 101 

I ) 

Compute BPK At 
One Step Down From 
Bmin. Set to PKS 

I 
Initialize "B" Variable 
To Bmin For Sweep From 

Bottom To Top 

( 

I 
Do Thru ß 

For IB=1, 51 

i ) 

Call COMPK To 
Compute BPK At 

Current Grid Point 
And Save As PKC 

Save PKC In 
Matrix PSAVE 

5 
Figure 5.  Logic Diagram (3 of 8) 
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9 
f    Is Slant Range At Pre- ^ 
I dieted Intercept Greater  L 
VThan Max. Gun Range?     J 1 

No 

Compute Range At Predicted 
Intercept After The Target 
Has Flown "TREAC" Seconds 
 At Same Vel. 

c I 

/"First  Grid LlnX    _ 
(        On Plot? j . 

Plot   MR" 

Is New Range Greate 
Than Max. Gun Range 

=> 

Yes 

No 
1 

Plot "T" In 
Current Grid 

Position 

1 
(Is Azimuth Rate Greater\ 

Than Max. For Gun? J 
Yes 

d 
No 

Is Elevation Rate Or 
Elevation Greater Than 

Max. For Gun? 

I 
> 

Yes 

Ro 

Set SS Equal To Sign 
Of BPK Gradient 

( 

( 

I 

I Plot "A" T 
Plot "E* 

Do Thru Y 
For IP=1, NPK 

I 
Did PKS Just Cross 
The PK(IP) Contour 

Value? 

) 

> 

S 
Yes 

1 
Plot Corresponding 

Contour Letter 

ä 

] 

Ö 

Figure 5.  Logic Diagram (4 of 8) 
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£ 
Increment B By 
DB To New Grid 

Row Value 

Loop 

Set PKS=PKC 

I 
Increment X By 
DX To New Grid 
Column Value 

( 

I Loop T5öTRrü^^™ 
For   IB-1,   51 

I 
Set PKS=0 

( 

Do Thru e 
For IX»1, 101 

C 
I 

Is There A Non- 
Zero PK From 

PSAVE Matrix At 
This Row & Column? 

I Yes 

) 

} 

) 

No 

Cs There Some Character 
There Other Than "T"? 

( 

I 
> 

Yes 

No 

TöThrü^™" 
Eor IP-1, NPK 

) 

Does PKS From PSAVE 
Matrix Just Cross The 

PK (IP) Contour? 

No 

> 

Yes 

<D 

Plot Corresponding 
Contour Character 

6 

Figure 5.  Logic Diagram (5 of 8) 
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SUBROUTINE COMPK1 

C 
Read Description Card 

And All Gun System Data 

I 
Write Out All Input Data 

With Format Titles 

Call Subroutine DYNGN1 
To Read In Gun Servo 

Errors. 

Call Subroutine MESIG1 
To Read In Measurement 

Errors. 

I 
Call Subroutine VULAPD 

To Initialize Vulnerability 
 Data In VULNAR  

I 
Compute Squared Values 
Used In Computing BPK 

Compute Ground 
Range, 

Range Squared, 
Range, Elevation, 

Azimuth, Range Rate, 
Azimuth Rate And 
Elevation Rate 

Call Subroutine GFUNC 
To Calculate The Target 

Position At Predicted Inter- 
cept And the Necessary 
Partial Derivatives Of 

The Gun Position 
Functions. 

Q 
Is Range At Predicted 
ntercept Greater Than 

Max. Gun Range? 

JL   NO 

O 
> 

yes 

Figure 5.  Logic Diagram (6 of 8) 
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9 
Perform Table Look-Up 

For Dynamic Gun-Pointing 
Error Standard Deviations 
In Azimuth And Elevation 

Compute Biases For 
Azimuth-Like And 

Elevation-Like Plane 
For BURPK 

I 
Compute Combined 
Standard Deviations 

For BURPK 

Call Subroutine UULNAR 
For Total Projected 
Area Of Target 

Call Subroutine BURPK 
For Burst Kill 
Probability BPK 

I    Return   1 

Figure 5.  Logic Diagram (7 of 8) 
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2. 
Set PKS=PKC 

Loop 

Loop 

Call SPL0T3 For 
Print-Out Of Plot 

f   Return   J 

Figure 5.  Logic Diagram (8 of 8) 
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FORTRAN PROGRAM SOURCE I.ISTINC; 

This section provides a computer printout of the FORTRAN statement« 

making up the ISO-PK program. 

Next page is blank. 
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FORTRAN iv G LEVEL  21 MAIN OATE « 74109 1S/1S/5* 

C 
c 
c 
c 
c 
C 
c 
c 
c 
c 
C« 
c 
c 
c 
c 
C 
c 
c 
c 
c 
c 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c« 
c« 
c 
c 
c 
c 
c 
r 
C 
c 

• ♦••#  u N I M A P — A I w   DEFENSE   FOOTPRINTS 
THIS PROGRAM DEVELOPS LINES OF CONSTANT HURST-MLL PROBABILITY FON 
AIR OFFENSE GUN SYSTFMS. THK MODEL USED IS AN EXPANDED VERSION MI- 

THE UNIVFPSITY OF MICHIGAN ANALYTIC MODEL OEVELüPFO TN THE AFlAO«? 
GUN STUOY 
THE MAIN» PROGRAM ACTS AS A OWIVF.R AND CONTROL EOW THF MODULES MM 
PLOT AND COMPUTE. 
THE PROGRAM READS PLOTTING CONTROL INFORMATION AND OPTju^S 
ANO PRINTS TABLES OF EQUIVALENTS BETWEEN PRORAH ILITTFS AND 
PLOTTING CHARACTFRS. 

»OB»««»«« 

COORDINATE SYSTEM * OR UMIMAP 
♦ 71 

♦ Y 
/ 

/ 

-X 

-Y/ 
/ 

/ •<  TAw&fcT POSITION 
/          / 

/         / 
/        / 

/       / 
/      / 

/     / 
/ / 4 

/   / / 
/  / / 

/ / / ♦ N 

GUN 
AZIMUTH ANGLE MFASURED FROM *X IN *Y PLA*'E, 

ELEVATION ANGLE MFASURED FROM XY PLANE T<-> 
SLANT RANGE LINE FROM GUN TO TARGET. 

CONSJDEW THE XY PLANE? 
♦ Y 

< -.-. 
<- — ----- 

■<<< 

■<<< 

■<<< 

Al 
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FORTRAN TV G LEVEL  21 MAIN DATF = 74109 IS/lS/s^ 

Oooi 

Ooo? 
O003 

Oncu 
Ooos 
Ooo* 
0007 

OoOR 
OOOQ 
0010 
0011 
001? 
0011 
0014 

c I        < <<< 
r I    < <<<   TARGET 
r I    < <<<   PATHS 

C I    < <<< 
r I    < <<< 

c I    < <<< 

C I    < <<< 
C |    < <<< 
c ,     < <<< 

c I    < <<< 
C I     < <<< 
c I    < <<< 
c    ♦  

c -x (0*0) ♦* 
C »-UN 
C    THE SCENARIO I* THE X7 PLANE IS SIMILAR RUT WITH I   HFTNG THK 

C      VERTICAL AXIS. 
C 

c 
COMMON X.YU)iZ(l) . X0OT»YnOT»ZDOT»X0[)»YP0»ZDD»t GOOF , AGD'H »wr»j,Vi>, 

. TF»RNPS,V0»RMSQ»TREAC»EDMAX»ADMAX»XMIN»XMAX,TITLE(20)»CALI« 
COMMON /*PLOT/ PK»CHAR»MCHAR»NPK 
INTFGFR TALIR 

C 
C CALIH=1: ?OMM HF PROJ.. KK KILL. 
C CALIR=?: 10MM HE PROJ.» KK KILL« 
C CALIR=3: &OMM HF PROJ., KK KILL. 

C CALIR=4: S7MM HE PROJ.» KK KILL. 
C   CALlBsS:  n LR WARHEAD» KK KILL. 
C   TALlR=fc:  20MM HE PROJ.» CLEAN AIRCRAFT» A KILL. 
C   CALIR=7:  ?OMM Ht PROJ.» AIRCRAFT WITH WING TANKS, A KILL. 
C   CALI»=R:  30MM HE PROJ.» CLEAN AIRCRAFT» A KILL. 
C   CALlH=o:  30MM HF PROJ.» AIRCRAFT WITH WING TANKS. A KILL. 
C   CALIH=10:  40MM HF PROJ.» CLEAN AIRCRAFT» A KILL. 
C   CALIR=11:  40MM Hp PROJ.» AIWCRAFT WITH WJNG TaNKS, A KILL. 
C   CALIH=12:  57MM HF PROJ.» CLEAN AIRCRAFT» A KILL. 
C   CALIB=13:  S7MM HF PROJ.» AIRCRAFT WITH WING TANKS« A KILL. 
C   CALIR=14:  TOTAL PROJECTED AREA OF A FOREIGN AIRCRAFT (FOR HIT PROM. OL^.). 
C   CALIB=15:  GLAADS TARGET: 4 S(J M FRONT &, HACKl 24 SQ M SIOFS» TOP «. MOTfOM. 
C 

REAL VEL(10)»ALT(10).CRANGE(IO),PK(10) 
INTEGER »2 CHAR(10)»MCHAR(4) 
LOGTCAL PLOTXY»Pl.OTXZ 
REAO (S»11»END=12) NVFL • NCR »NALT »PLOTXY »Pl.OTXZ . 

. XMIN»XMAX»YMIN»YMAX»7MTN»ZMAX 
11 FORMAT (3Ib,2Lb/(6F10.0)) 

READ (5»?»END=12) ( VEL(T).1 = 1»NVFL) 
REAP (5»?»EN0=12) (CRANGE(I)»I=1»NCR) 
REAO    (S»?»ENO=12)     (ALT(I)»I=1»NALT) 

?   FORMAT    (7F10.0) 
13   WRITE    (1»1> 

1    FORMAT    («IG   A   0   F    S       ISO-PK       CONTOU*       PROGRA*« 
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FOOTMAN TV G LFVFL  21 MAIN DATF = 74109 1S/1S/SS 

GUN SYSTEM DATA. 
001* 
001* 
0017 

0018 
0019 

oo?o 
00?1 
00?? 
00?1 
00?4 

00?* 
0026 

00?7 

OO?A 

0n?o 
0030 
oo3i 
on.l? 

0031 

0034 
0035 
0 01* 
0037 
001A 

0O3Q 
0040 
0041 
004? 

t    MARCH   197 3») 
C     CALL SURROUTINE TO READ PARTICULAR 

CALL COMPK1 (S.12) 
WRITE (1,A)  (I»PK(I)tCMAR(I)tI=l.NPK) 

A FORMAT <« 1 »//»7X» »CONTOUR» tAX, tpj<» ,7X. »CHARACTER»/ 
.(• •.I10,E1S.4,9XA1)) 
WRITF (ltlO) MCHAR 

10 FORMAT (»0»,1X,»MASK»,19X,»CHARACTER»/» EL. RATE OR MAX EL».130.Al 
./• A7. RATE»tT30.Al/» INSUE. TIME♦»T30tAl/• OUT OF RANGE*iTiO.All 

C      START DO LOOPS FOR PLOTTING WITH PARAMETFPS OF ALTITUDF, 
C      TARGET VELOCITY AND CROSSING RANGE. 

DO 1 IVEL=1»NVEL 
XDOT=VFL(IVEL) 
YDOT=0.0 
ZOOT»0.0 
XDD=n. 
YDD=0. 
7DD=n. 

C     TEST IF MO »GROiiMD PLOT" nfSIREn. 
IF (.MOT.PLOTXY) GO TO 24 

C     PLOT FOR »NALT» TARGET ALTITUDES. 
DO   2S   IALT=1,NALT 
7(1)=ALT(IALT) 
CALL PL0T(YMINtYMAX»Y,l6HrR0SSlNG RNG.» M) 
WRITE (1.7) TITLF,XD0T,7(I) 
FORMAT (»0».?0A4/ 
• TARGET VELOCITY*»,FA.3»»M/S».5X»TARGET ALMTUOE =•.F9.1t»M•) 
TEST IF NO »SKY PLOT» DESIRED. 
IF (.NOT.PLOTXZ) GO TO ? 
PLOT IN VERTICAL PLANE WITH »NCR» TARGET CROSSING RANGES. 
DO 27 ICP=1.NC* 
Y(1)=CRANGE(ICR) 
CALL PLOT (2MIN.ZMAX.Z. lf»HALTlTUnE« METERS) 
WRITF (1.26) TITLE,XnOT,Y(1) 
FORMAT (»0»,20A4/ 

•» TARGET VEIOCITY=»,FP.I,»M/S»»SX»CROSSING RANGE=»,F9.3.»M»> 
3 CONTINUE 

GO TO 13 
12 CALL EXTT 

ENn 

?s 
7 

?u 

21 
?( 

A3 



FORTRAN   TV   ft   LFVEL      21 MATN DATE   =   7M09 lS/lS/^S 

C 

OOOI MLOCK DATA 
C   ==================================================================== 

c 
C I>MIT1ALJ7E   PLOTTING   CHARACTERS   AND   RK   CONTOUR   VALUED. 

OoO? COMMON    /*PLOT/    PK»CHAR»WfHAW,NPK 
0003 TNTf-GFP   MPK/10/ 
9 0 04 REAL PK(10)/O.U OS, 0.01, 0.05,0. 10.0. ?5»O.S,0.7b»0. 9,0.9b, n.gc,/ 

OnOS INTFRpR »2 CHAR(IO)/»F»,•fi•fiH«t«I*•»J1»»K«t»L»•»M«,»N»♦»0»/, 
, MCHAR(A)/»F«»'A»,»T«,'R»/ 

0006 FNP 

uu 



FORTRAN TV G LEVEL  21 MMN DATE = 7*109 1S/1S/«=.S 

r 

OOOl SUPRO'JTINE RURPK (AM3.XM4.M »b? .S3 fS4 «R?XN«A V«RKPS) 

c 
c 
C THIS SUMROUTINE COMPUTES wtJRST KILL PROHAMILIT > . RPK , USING Thh 
C ANALYTIC MODEL STARTED MY THE UNTVFRSITY OF MICHIGAN AND 
C COMPLFTEn rty THIS COMMAND. 
C REFERENCE: "NOTES ON THF UNIVERSITY OF MICHIGAN ANALYTIC GU> 
C MODFL"t TECH NOTE SY-TN3-70. RORFRT C. RANASH. SYSTFMS ANALYSIS 
r DIRFCTORATE. HO. USA WECOM, APRIL. 1970. 
c 

000? IMPLICIT REAL««(A-H.O-Z) 
OOOl REAI     XM3»XM4.Sl.S2»S3.S4•R.XNtAV.RKPS•X(?) 
0004 REAL   SORT,AMIM1.ARS 
0005 REAL*« TlAltIlA?tIIA3tTTAAltIlAA^tITAA3 
Onn* DIMENSION ALF (?) .P(?.2) .«KPJOOO) 
0007 TF( ARS(R).LE.0.05) GO TO 2 
OOOR DO 1 J«lt2 
000« ALFfj) =.S»( S3*S4*(3-?«J># S0RT((S3*S4>*»2-4.»(l.-w»*?>»SJ*h4)) 
0010 X(J) sP« SURT (S3«S4)/(ALF(J)-S3) 
0011 PIUJI = SORT(l./( l./X(J)*«»2*l.) ) 
001? P(?.J) = P(1.J)/X(J) 
0013 ) ALF(J) = 1/ALF(J) 
0014 GO TO 3 
0015 ? ALF( 1) = l./SB 
Onlfc ALF{?) = 1./S4 
0017 P(l.1) = 1. 
0018 P(l.?) = 0. 
0019 P(2.1) = 0. 
00?n P(2,?) = l. 
0021             3 RKP = 0,0 
00?? N = XN 
0023 K   -   1 
0024 FX = f). 
00?^ C=l.n 
00?* FJMO«1.0 
0027 FNP0=N*1 
0 0 2P PJsAV/(fe.2a31«S*SORr(S1*S2)) 
0029 IF(PJ.GT.I.OOO) GO TO 100 
0030 IF (X^3.FO.O..AND.XM4.EO.O.> K = 2 
0031 A1N= {P(lt1)»«2/S1  ♦ P(2.1)*»2/S2  ) / ALF ( 1) 
0 03? A2N=(P(1,1)*P(1,2)/S1*P(?.2)»P(2«1)/S2)/DSORT(ALF(1)*»ALF (?) ) 
0033 A3N= (P(l»2)*«2/Sl  ♦ P(2.2)»*2/S2  )/ALF(2) 
0034 A2N?=A2N#A2N 
0035 00 29 J=1«N 
003* NN=j 
0017 FJ r J 
0038 FJl=l.n/FJ 
0 0 39 DENOTA=DSORT((AIN*FJ1)*(A3N*FJ1)-A2N2) 
0040 GO TO (4,5),K 
0041 4 A) = A1N«FJ 

4r> 



FOOTRAN   TV   G   LFVEL      21 
RIlRPK DATE   =   7410^ \b/lL>/L>^ 

004? 
00O 
0044 
004S 
004* 
0047 
004fl 
004Q 
oo«so 
00*1 
00S? 
0OS3 
00*4 
OO^S 
00** 
0ns7 
00*« 
oo^Q 
on*o 
00*1 
On*? 
00*3 
00*4 
on**, 
on** 
00*7 
OO*P 

00*«» 
0n7n 
0071 
007? 

A?   =    A?N»FJ 
A3   =   A1N*FJ 
D1A   =    (Al♦l.)*(Al*l.)-A?*A2 
I I Al    =    (A3*l.) /   HU 
TIA?    =    -A?/OIA 
I I A?   =    (AlM.J/DIA 
IIAA1    =    ITA1*A1*TIA2«A? 
TIAA? = IIA1*A?*TTA2»A3 
IIAA1 = TIA?«A?*IIA3»A3 
API = Al*tl.-IIAAl)-A?»TTAA? 
AP2 = -A1*ITAA?*A?<M1.-TIAA3) 
AP3 = -A?*IIAA2*A3»<1,-TTAA3) 
Vl=nSORT(ALF(l))»(P(1»1)»XM3*P(?,1)»XM4) 
V2 = 0<;0Pr (ALF(2) )<MR(lt2)»XM3*P(2t2)»XM4) 
EX =-(Vl»Vl»APU?«V2»Vl«AP2*V2*V?»AP3)»0.S 
TF(OA«S(FX).GT.17 0.0D0) EX=OSIGN(17 0.ODO«EX) 

C=-((FNPn-Fj)/Fj)*PJ»(F IMO/FJ)»C 
BKPj(J)=r»DEXP(EX)/DEKM)IA 

FJM0=FJ 
TF (OAHS(BKPJ(J)).LE.l.On-10) GO TO 11 

CONTTMUF 
CONTTNUE 
00 12 J=l»NN 
RKP=RKP-RKPJ(NN-J*l> 

1? CONTTNUF 
RKPS = 0MIN1 (UOOOtRKP) 

WFlllRN 
CONTTNUF 
RKP<: = 1 .0 

RETURN 
ENO 

11 
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C 

0001 FUNCTION TLU1(X,Y,N,XO> 

C 
C THIS SÜHPOUTINF PERFORM»; TAHLE LOOK-UP AND LINFAP InTF PPOl. AT I ON 
C ON SINOi.Y-Sl.'^SCPIPTED AppaYS. 
C 

000? nlMFNMON X(N)»Y(N) 
Onm IF (M.LF.l) RO To 1 
0004 IF (XO.LF,X(1)) GO TO \ 
0005 00 £ I=?,N 
OoO* IF (XO.LF.X(I)) GO TO 3 
0O07 ?   CONTTNIIF. 
OOOfl I*N 
OOOQ 1 TLU1=Y ( 1-1 )♦ (XO-X ( 1-1) )«(Y{ 1 )-Y(I-l ) )/(X (I )-X (1-1) ) 
0010 RETUPM 
0011 1 TLUlrYU) 
001? RETljPNJ 
onn FNn 
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C 

onni SUBROUTINE DYNGNI 

r 
Onn? COMMON nijMY(Q) fFGOOTtAGDOT 
0003 COMMON/OYNERR/ DYNAM,OYNEM♦PYNAV,0YMFV 
On04 DIMENSION l)YAZ(10)tAZnOT(lO)tDYFL(10)•ELOOT(lu) 

C REAÜ IN DYNAMIC GUN POINTING POSN. FWROR INFORMATION 
C READ IN TABLES FOR GUN POINTING FRRORS IN AZ. AMD EL. 
C 

OoOS READ(2»3)    ÜYNAMf[)YNEM,MAXAZ.MAXFL 
OoOA a FORMAT(^riO.Ot^TS) 
0o07 READ (2,2)  (ELOOTd) •T»1»MAXEL) 
000« READ (2t2) (DYFL(I) »I = ltMAXED 
OOOQ REAR <2«2)  (AZOOT(I)f1=1»MAXAZ) 
0010 READ (?•?)  (DYA2(I)«1=1,MAXAZ) 
0011 2 FORMAT (7F10.0) 

c 
C       WRITE OUT ALL INPUT DATA 

c 
001? WRITE (lt^O) DYMFM,(TtELnOT(I)tDYFL(I)tI=ltMA*EL) 
0013 20 FORMAT (»ODYNAMIC GUN-POINTING FRROR FUNCTION - ELEVATION«• 

•5X«RTAS» WAO.= •.T7.4/ 
.« POINT« ,2X13HEL. RATEt P/SC>X23HSTD REV OF EL. ERROR, *>/ 
.(• •tl5fFlb.3tF?0.4)) 

0014 WRITE (lt21) OYNAM,(I,AZOOT(I)tOTAZ(I).1=1tMAXAZ) 
0015 21 FORMAT (iOOYNAMlC GUN-POINTING ERROR FUNCTION - AZIMUTH«, 

• 7X«RIAS. RA|)t = ',F7.4/ 
.» POINT»»2X13HA7. WATFt R/S5X23HSTD OEV OF AZ. ERROR« «/ 
.(• «.IS,Flb,3tF?0.4)) 

Onl* RETURN 
0017 ENTRY OYNGUN 

C     CALCULATE MEAN AND VARIANCE OF UYNAMIC POINTING POSN. 
C 
C     PERFORM TABLE-LO^K-UP TO OMTAIN STANDARD DEVIATIONS OE GUN- 
C     POINTING ERRORS IN AZIMUTH AND FLEVATION. 
C 

001« SIGDYA = TI_U1 (A7DDT»DYAZtMAXAZ«ARS(AGDOT) ) 
0O1R OYNAV = SIGDYA»«? 
0020 SIGDYE=TLU1(FLOOT*DYELfMAXEL♦AbS(EGOOT)) 
0021 DYNEV=SIGDYE»*? 
0022 RETURN 
0023 END 
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r 

0001 SUHROUTINE TFLrtTF,») 

C 
000? C0MMON/Z7TFLT/ C0F(4) 
0003 DIMFNSION R(4) 

C 
C THIS ROUTINE SOLVES THE ANALYTICAL TIME OF FLIGHT EQUATION 
C THE COEFFICIENTS OF THE FOURTH ORHER TIME OF 
C FLIGHT FQUAMON ARE STOREO IU   COF ( I ) 
C SOLVF THE FOURTH ORDER FOR ITS ROOTS 

0004 CALL ORTTC(COFtPtNRE) 
C 
C FIND THF SMALLEST REAL ROOT 
C 

0005 TF = l.OFOft 
C 
C ARE THERE FOUR RE^L ROOT«; ??? 
C 

000* IF(NRF .FO. 4) GO TO S 
c 
C ARE THERE NO REAL ROOT«; ??? 
C 

0007 IF(NRF .FU. 0) GO TO 14 
C 
C THERE ARE ONl.Y TtfO REAL ROOTS 
C 

OnOH GO TO o 
000Q S   IF(R(4))  7t7.* 
0010 6  TF = AMTM1(TF,W{4)) 
0011 7  IF(R(3))9t9tB 
001? «  TF = AMIN1(TF,R(3)) 
0013 9  IF <R<?> > lit 11 tlO 
0014 10  TF = AMIN1(TFtR(?)) 
0015 11  IFCR(I)) 13tl3tl? 
OOlf 12  TF = AMINl(TFtR(l)) 
0017 13  IF(TF .GF. 1.0E06) GO TO 14 
0O1R RETURN 

C 
C THER ARE NO REAL ROOTS OR THERE ARE NO POSITIVE REAL ROOT«; 
C 

001O 14  RETURN 1 
00?0 END 
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C 

Onni SUHPOUTINE QRTIC(CtRtNPF) 

C 
C SOLVES A POLYNOMIAL EQUATION OF THE TYPE 
C       X*«4 ♦ C(1)*X<»<»3 ♦ C(?)<»X««»2 ♦ C(3)«X ♦ C(4) = n 
C THE   COEFFICIENT   OF   X««4   IS   ASSUMED   TO   <<E   1 
C R CONTAINS THE ROOTS 
C NRE CONTAINS I HE NUMRFR OF REAL ROOTS 
C IF THFRE ARE TWO REAL ROOTS THEY WILL HE IN R(l)  ANO R(?> 
C        WITH THE COMPLEX ROOTS R(3) ♦- R(4)«M 
C IF THERE ARE NO REAL ROOTSt THF COMPLEX ROOTS ARE 
C       R(l) ♦- R(2)»I AMD R(3) ♦- R(4)«I 
C 

Oon? OIMFNSION C(4)«R<4)tGP(3)«Y(3) 
0003 ClSQaC(l)»»2 
0ft04 CP(1)=-C(2) 
O005 CP(?)=C(D#C(3)-4.<»C{4) 
0 0 0f> CP(3) = (4.«C(?)-C\S0)«C(4)-C(3)««? 
0007 CALL CURIC(CP«Y,NRE) 
OOOR A=ClSO/4.-C(2)♦Y(l) 
0009 R=.S»C(1)»Y(1)-C(3) 
0010 ns.?5»Y(l)«n»2-C<4) 
0011 IF(A.OT.O.) GO TO 10 
0012 F=0. 
0013 GO TO 20 
0014 10 F*SQRT(A) 
0015 20 lF(n.GT.O.) GO TO JO 
001* F=0. 
0017 GO TO 50 
001« 30 F=STGN(SORT(0)»R) 
0019 50 NRE=0 
0020 REAI. = -.25*C(1 ) ♦.S^E 
0021 OSCR=REAL»*2-.5»Y(1>*F 
0022 RAD=SQRT(ABS(DSCR)) 
0023 IF(OSCR.LT.O.) GO TO 60 
0024 NRE=2 
0025 R(l)sfcEAL+RAD 
0026 R(2)=PEAL-HA0 
0027 GO TO 6^ 
002tt            60 R(3)sPFAL 
0029 R(4)=RA0 
0030 65 REAl=REAL-E 
0031 DSCRsREAL»»2-.5»Y(1)-F 
003? RAO=SORT(ARS(OSCP)) 
0013 IF(OSCR.LT.O.) GO TO 80 
0034 NRE=NRE*2 
00"^ R(NPF)=E 
0036 R(NRF)=PEAL-RAO 
0037 R(NRE-1)=REAL*^AO 
003R RETURN 
0039 80 R(NRE*1)=REAL 
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0040 
0041 
004? 

R(NRF*?)=RAD 
RETURN 
END 
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C 

OnOl SUBROUTINE CUBIC(C»R»NRF) 
C   ======================================================== 
C 
C SÜLVFS A POLYNOMIAL EQUATION OF THE TYP*" 
C        X»«3 ♦ C(1)«X<K»? ♦ Ct?)**   ♦ C (3) = 0 
C THE COEFFICIENT OF X»«3 IS ASSUMED TO RE 1 
C P CONTAINS THE POOTS 
C NRE CONTAINS THE NIJMRFR OF «EAL ROOTS 
C IF THERE IS ONE REAL ROOT IT WILL ^E R(l)t 
C WITH THE COMPLEX POOTS R(2> ♦-R(3)»I 
C 

0002 DIMENSION C(3).R(3) 
OnOl ClSO=C(l)»*2 
0o04 P=C(?)-ClSU/3. 
0 0 05 Q=C(T)-C(1)«(C(?)/3.-2.»ClSO/27.) 
OoOfc DEL = 4.«P»«3*?7.«<)»«? 
0007 T=C(l)/3. 
OOOR lE(nEL.LT.O.) GO TO 10 
0009 SO=SQWT(OEL/10fl.) 
0010 HQ=.^0 
00)1 A=-HO*SO 
001? Ra-HO-SQ 
00 13 CRTA=SIGM(ARS(A)*»(1.0/3.0).A) 
00 14 CRTR=SIGN(ARS(R)»»(1.0/3,0).H) 
001^ Y=CRTA*CPTR 
0016 RU)=Y-T 
0017 R(2)=-.S*Y-T 
0018 R(3)s.Rb*025404«(CRTA-CPTR) 
0019 NRErJ 
00?0 RETURN 
0021 10 PHI3=ATAN2(SORT(-DEL/?7.)•-0)/3. 
002? CON=?.«SORT(-P/3.) 
0023 P( l)=CON»COS(PHn)-T 
0 0 24 R(2)=-C0M»C0S(1. 04719R-PHT3)-T 
0 0 2S P(3)r-CON»COS(1.04719«*PHI3)-T 
0026 NRE=3 
0027 RETURN 
002« END 

* 
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C 

0001 SUBROUTINE COMP*l(«) 

c 
C     THIS SUHPOUTINF MANAGES ALL GUN SYSTEM-OPIENTtU DATA AND 
C     COMPUTATIONS. THF INITIAL FNTPY POIMT PFADS INU PRI JTS SYST* -I 
C     DATA. 

OnO? COMMON X,Y,7,xnOT,YDOT,ZDOT,XDD»Ynn,ZDD,EGnOT,AGOOT,RSO»VP, 
. TF ,RNDS,VÜ,RMSQ,TBEAC»EDMAX,ADMAX,XMIN,XMAX,TITLE <?0),CALia, 
.FLMAX,ELGUN 

OoOl COMMON/FNGPAR/P(0) 
0 0 04 COMMON/DYNtPR/UYNAM,DYNEM,DYNAV,DYNEV 
0005 COMMON/HALlST/HA»KfBAPK? 
0006 COMMON/COVMAT/COV(2,?) 
0007 COMMON/MFANS/ XMFANS(b) ♦AM 1 ,AM? 
000« PEAL P0S(6),AVE(7),C<9) 
OOOP EQUIVALENCE (X»POS(1))t(X»C(1)) 
0010 INTFGFP CALIR 

C READ INSCRIPTION CARD, CAlIMFR, GUN PESIOUAL DISPERSION PAHftMFUvs 
C       » MUZZLE VELOCITY, MAX. TRACKING RATES, REACTION HMF, 
C       ROUNDS-PEW-PURST AND MAX MANGE 

0011 PEAD (?,19»END=1?) TITLF,CALIB,SIGVO.SIGXD,SIGYOtV0,F0MAXtADMAA, 
• TPFACiRNDS.PMAXtELMAX 

001? 19 FORMAT (?0A4/IS/4F10.0/fcF10.0) 
0011 WPITP (1,14) TITLE,CALIP»V0»SIGVO,SIGXD,SlGYD»F-LMAX,F0MAX,AnMAx, 

.TREAT,RMnSfPMAX 
0014 14 FORMAT ( »0«♦20 A4/•OCAL I«EM TYPE•»TS4,15/ 

.» MUZZLE VELOCITY, M/S•,T5*,F8.?/ 
•• STO. DEV. OF MUZZLE VFLOCTTY, M/S»,TS6»F8.4/ 
• • STD. DFV. OF X-COMP. OF WES. GUN UTSP.» RAO. • , T57, F9. h/ 
•• STD. DFV. OF Y-COMP. OF PFS. GUN DISP., RAÜ.•,T^7,F9.h/ 
.» MAXIMUM ELEVATION, RAD.•»TS6,FP.4/ 
.« MAXIMUM ELEVATION RAIF, W AO . /SFC . • , T5ft , F(S . ?/ 
.» MAXIMUM AZIMUTH RATE, PAD./SEC.••TS6,Fh.?/ 
.« AVEPAGF SYSTtM REACTION TIME, SEC.•,TS6,F6.?/ 
.» ROUNDS PER BMRST»tT56tF4«0/ 
.t MAXIMUM EFFECTIVE RANGE, METEPS•♦TS4,Fh.0) 

C     PFAD TN RANGE AND I IMF OF FLIGHT USED TO COMPU1t THF BALLISTIC 
C     COEFFICIENT KHAP 

C 
0015 READ (?,?0> P,TF 
0016 20 FO«M&T(2F10.0) 
0017 RAHKsVO/P-1,0/TF 
001«                HARK?=RARK»BARK 

C WMITF OUT ALL INPUT DATA. 
001P WRITF(1,?2) R,TF,H«RK 
00?0 ?? FOR^ATC RANGE* ". = • , F 9.4, 1 OX , • TIME OF FllüHT, SETS. = • , F n . 4 • 

.1UX.» PALLISTIC COEFFICTFNT.K-RAR =«fFR,4) 

00?1 CALL OYNGNl 
00?? CALL MEMG1 

C CALL INITIALIZATION PORTION OF VULNERABLF-AHEA MJRROUTINE. 
00?3 CALL VULAPO(CALTW) 
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C     COMPUTF AUXILIARY CONSTANTS USED FOR RURST KILL PROR/vRlL IT Y. 
0024 RMSQ=PMAX»»2 
0025 SlGV02=SIGVO*«? 
0fl?h SXGD? = SIG*D»<»? 
0027 SYG0?=SIGY0»»2 
00?«               RETURM 
00?R ENTRY COMPK(RPK) 

C     THIS ENTRY POINT COMPUTES HURST KILL PROHAHILITY, HPK, SIVF ' 
C     THE TAROET POSITION. 
C THE SINGULAR POINT AT. THE ORIGIN IS NOT CONSIDERED 

0030 TF(X .NE. 0.0 .OR. Y .NF. 0.0) GO TO 100 
0031 4GDOT ■ O.U 
003?               EGDnT = 0.0 
0033               FLGUN = 0.0 
0 0 34               GO TO 1 
003S          100  CONTINUE 
003f> CALL CTOP(CP) 

C CALCULATE THE PARTIAL DFPIVATIVE* 
00"»7 CALL GEUNCUGltEGl t2«U> 
003R ELGUM = FG1 
003Q VP = V0/(1 ,0*RARK<»TF)»»? 
0040 SORSQ = S(JRT(RSQ) 

C MODIFY ANY MEANS ANU/OR VAR. WHICH ARE FUNCTION.S OF THE 
C fcNGAGEMENT PARAMETERS 

0041 CALL MFSIG 
C PEREORM THE MATRIX MUTIPlICATION NECESSARY TO 
C CALCULATE IHE MEANS AND VARIANCES 

004? CALL MATMUL 
C AOD DYNAMIC POINTING ERROR TO THE MEANS AND VAR. 
C AND CONVERT TO MFTER MEASUREMENTS IN THE SLANT PLANF 

0043 CALL DYNGUN 
0044 AMI ■ (AMI ♦ DYNAM)»SORSQ^COS(ELGUN) 
0045 AM? = (AM? ♦ DYNf-M) »SORSQ 
00A* S3 = (COV(l.1)♦DYNAV)«RSU«(COS(ELGUN))*•? 
0047 S4 = (COV(2t?) ♦ DYNEV)«R«;f- 

G THE CORRELATION COEFFICIENT 
004P RHO = RSOMCOS(ELGUN))»COV(1• ?)/SORT(S3«S4> 

C CALCULATE THE VAR. DUE TO RA|. ISTIC DISPERSION AROUT T^E 
C FUTURF POSITION OF IHE TARGET 

0049 XSAVE = X 
ooso X = X ♦ XDOT*TF 
0051 CALL CTOP(CP) 
0052 ADOT = P(b) 
0053 EDOT = P(f>) 
0054 RVV=RSQ/(VO»VP> 
0055 SI = ( ADOT«RVV»COS(ELGUN))»«?»SIGVO? ♦ RSQ«SXG02 
00*6 S?=( EDOT»RVV) »«?*SIGVO?*RSQ*SYGD2 

C     COMPUTE INDUCED-CORRELATION TERMS - NOTE: RHO^ IS NOT NOW U«;ED nur 
C     IS INCLUDED FOR FUTURE EXPANSION OF RPK. 

00*7 RHO« = ADOT«EDOT»COS(ELOUN)»SIGV02»RVV»»2/SQRT(S1«S?) 
C     CALL EOR COMPUTATION OF TARGET VULNhWARLE AREA GIVEN TARGET 
C     COORDINATES IN THE "POS" VECTOR. 

005R CALL VUI_NAR(POS,VP.AVE) 
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00S9 X = XSäVF 
C CALL FOR COMPUTATION OF HURST KILL PROHAHILlTYt BPKt GTVEN 
C COMRiNFD PIAS AWO STANDARD DEVIATION TERMS, 

00*0 CALL HURPK(AM1»AM?.S1•S?«S3»S4«RH0«RNDSfÄVE(1)*HPK) 
00M RETURN 
00*? 1 RPK=0.0 
0n*3 RETURN 
00*4 1? RETURN 1 
00*«^ END 
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C 
C ======================================================== 

0001 SUHROUTIWE GFUNC(AG•FG.T•*) 

C 
C THIS SUBROUTINE CALCULATED THF PARTIAL DERIVATIVE^ OF THF GUN P0SIT1O« 
C WITH RFSPFCT TO THF MEASURED OUANTlTIESt AND THF AZIMUTH AMI» 
C ELFVATTON RATES OF THE GUN. 

000? COMMOM/Z7TFLT/COF(4) 
0003 COMMON nuMY (R) tFOO•AGOtRSO»OUMY2(1> .TFS•OUMY3.VO 
0004 COMMON/PAR IS/F<?.€>) 
0005 COMMON/P,ALIST/HAPK,HARK? 

0 0 0f> COMMOM/FNGPAR/R«A.FtPn»An,FOt ROD»ADD.EDO 
0007 R2=p»H 
0O0R R02=RD»RO 
OoOR CE=r0S(E) 
0010 SE=STN(F) 
0011 VT2=R2«(AD*AD»CE»CE*ED«ED)*Rr)2 
001? VTxsoRT (VT<?) 

C TIME OF FLIGHT FOLIATION LINEAR PREDICTION ASSUMED 
C FOLIATION ASSUMES THE PROJF<:TTLE FOLLOWS THF 3/^ OPAO LAW 

0013 AA=RARK?«VT? r 
0014 RR = ?.0»(r<*R0»HAPK?*VT2«HARK) r 
0015 CC = R?«RARK2*4#nou«W0»RAPK*-VT?-V0«VO r 
001* OD = ?.0»(P^«HAPK*R«RD) C 
0017 FE=R? 
OOlfl COF(l)=RR/AA                                                                         r 
0O1Q COF(?)=CC/AA                                                                         r 
0020 COF(3)=00/AA 
0021 f.OF (<»)=FK/AA r 
002? CALL TF|.T( IF.M00O) 
0023 TF2=TF»TF 
00?4 RF2=VT?*TF2*R?*?.ü»R«RO»TF 
oo2s RF=«;QRT(PF?) 
00?* IF(T .FO. 3) 00 TO sno 

C CALCMI.ATF THE TERMS FOR THF PARTIAL OERIVATIVEb 
00?7 r=W»rF 
0O?M XD=Y»AO 
0O?Q YO = PO*CE-P«»ED*SE 
0030 DEMON]=Y+YO*TF 
0031 XNUMl=XO»TF 
003? XLAMA = ATAN2(-XNIlvil ,DFM()M1 ) 
0033 AG=A*XLAMA 
0034 7=R«SE 
0Q3S ZD="«EO»rE*RD*SE 
003* XNUM?=Z*ZO*TF 
0037 Ti = XMijMp/RF 
003R rO=APSIN(T3) 
0039 TFS = TF 
0040 RSQ = RFP 
0041 T1=-XNUM1/0FM0N1 
0042 T2=l.0/(1.0*T1»TI) 
0043 PAXD=-T?«TF/OEMON1 
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0044 
0045 
0046 
0O47 
004M 
0049 
oo^o 
00M 
oos? 
oo^i 
00S4 
oo^s 
oo*6 
00*7 
OOSP 
0059 
00*0 
0061 
00*? 
0 06.1 
0064 
006S 
0066 
0067 
006* 
006«? 
0070 
0071 
007? 
0071 
0074 
007* 
0076 
0077 
0078 
007Q 
OOPO 
00*1 
OOP? 
OnPl 
OOP* 
008S 
OOP* 
0087 
0088 
OOPR 
OORO 
0091 
009? 
009^ 
0094 
009* 
00R6 

PAY= T?«T1/0FM0N1 
PAYn=PAY»TF 
PATF = -T?«Xl)«>Y/ (0FM0N1«»?) 
PXDP=AD«CE 
PXr>AO = Y 
PXDFs-R»AQ»SE 
PY«=rF 
PYü«a-E'>«SE 
PYDFn=-R»SE 
PYEsPYOEO 
PYDRD=PYP 
PYDf=-Zn 
T4=l.n/S0RT(1.0-T3»T3) 
PEZ=T4/PF 
PE2n=PFZ»TF 
PETF = PFZ<»ZÜ 
PFKF=-PFZ*T1 
PZUFsYO 
pzop=Fn»r:E 
pzr)«n=5F 
PZÜEH=Y 
pZHsP/nwn 
PZE = PZI)Fn 
PVTP = P»(A[)oA0«CF«CE*En*Ff))/VT 
PVTPß=Pn/VT 
PVTAn=R?»AO«CF»CF/VT 
PVTF=-P?«AO*AOÄrF»SE/VT 
PV/TF n = P?»EU/VT 
PRF\/T = VT»TF?/HF 
PRFTF=(VT?»TF+H»PO)/«F 
PRFPs(R*TF«RD)/PF 
PRFPHrTF^R/RF 
PAAVT=?.0«9APK?»VT 
PHHP=?.0»Wn»RAPK? 
PRRahrp.O^H^hAPK? 
PRR\/T = 4.0«VT*PAPK 
PCCR=PPRRD*4,0»PO«HAPK 
PCCRn=4.0»K«RARK 
PCCVT=?.0»VT 
POOP=PCCWD*?.0«Rn 
PDORO=?.O<>* 
PEFR=PnOPO 
TF4aTF»»4 
TF3=TF»*1 
nEMON3=4.0»AA»TF3*3.0»RR»TF?*2.0»Cr*TF*nn 
plFR=-(TF3»PRRP*TF?«PCCR*TF*P0DR*PFER)/nFMON1 
PTFP0 = -(TF3*»PRHpn*TF?»PCCP0*TF*P00RD)/nFM0NJ 
pTFVT = -(TF4»PAAVT*TF3»PRRVT*TF?»PCrvT)/r>F.MO'>'3 
PTFPaPTFp*PTFV I»PVTR 
PTFPn=PTFRD*PTFVT«PVTPn 
PTFAO=PTFVf«PVTAO 
PTFEO=PTFVT»PVTFn 
PTFFsPTFVT*PVTf- 
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00R7 
OOR« 
OORR 
0100 
0101 

01 OP 
0103 
0104 
OlOS 
010A 
0107 
010P 
010R 
0110 
oui 
on? 
0113 

0114 
Oil* 
01 If» 
0117 
on« 

OllR 
0120 
0121 
01?? 
0123 

0   LEVEL      21 GEIJNC DATE   =   7410R 1S/1S/S^ 

PRFR=PRFP*PRFVr*PVTR*PRFTF»PTFR 
PRFRD = PRERD*PRFVT»PVTRD*PRFTF«>PTFWn 
PRFAD=PREVI»PVTAn*PRFTF»PTFAO 
PRFFn=PRFVT«PVTFn*PRFTF«PTFED 
PRFr=PRFVT»PVTF*PRFTF«PTFF 

C   CALCULATE THE PARTIAL DERIVATIVES USING THE CHAIN RUI.F. 
F(ltl) ■ PAXD»PXOR*PATF»PTFR*PAY«PYR*PäYD«PYDR 
F(U?) = 1.0 
F(l*3) = PAXD«PXDE*PATF«PTFF*PAY»PYE*PAYD»PYQE 
F(1.4) = PATF»PTFRD ♦ PAYD»PYDRD 
F(ltS) = PAXD^PXDAD ♦ PATF«PTFAD 
F(l»h) = PATF»PTFED ♦ PAYD^PYDEO 
F(2.1) x PEZD»P70R ♦ PETF^PTFR ♦ PFRF^PRFR ♦ PfZ»PZP 
F(2,2) = 0.0 
F(2.3> = PEZI)«P70F*PETF«>PTFF*PERF»PRFE*PEZ<»PZK- 
F<2,4)    =   PEZO»PZnRD*PETF«PlFRD*PERF<»PRFRO 
F(2tS) = PETF»PTFAD ♦ PERF«PRFAD 
F(2,fS) = PEZD«PZnED ♦ PETF«PTFEO ♦ PERF»PRFEn 

C    CALCULATE THE RATES OF THE GUN IN AZIMUTH AND ELEV. 
DTFDT = PTFR»RO*PTFRD»RDD*PTFAD»AOD*PTFEO»EOn*PTFE*Fn 
AGD = AD-(DEMONl»xn»DTFDT-XNUMl#(YD*YD»DTFnT) )/(DFMON1»»?*XNUMl••?) 
ORFnT = PRFR»RD*PRFRD»RDD*PRFAD»ADD*PRFED«EOD*PRFE«FD 
EG0=T4«(RF«»Zr>»(l.*DTFDT)-XNUM2*nRFDT J/RF/RF 
RETURN 

C     NO FIRE CONTROL SOLUTION 
1000 RSO = 1.0E12 

RETURNl 
500  RbQ = RF? 

RETURNl 
END 

• 
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C 

0O01 SUBROUTINE CTOP (CiP) 
C ss = s = sr = = s = = =:s: = = = = = = = = = = s = 2r = = = = = rr = = r = r = r = = r = = = = = = = = = r = 

c 
C COMPUTE THE POLAR COORDINATES FOR A POINT 
C LOCATED RY CARTESIAN COORDINATES <C(I)) 

000? DIMFNSION C(9)»P<9) 
0001 SS = C(l)»C(l) ♦ C(2)«C(?) 
0O04 P(l) = SORT(SS ♦ C(3)»C(3)) 
onn*. s * SORT(SS) 
On Of» SOOT=(C(l )#C(4)*C(2)»C(S))/S 
0007 P(2)    =   ATAN?(C(2)»C(l)) 

TtfD,oi      IT.   n_n   .ANn.   rill    .LT.0.0)   P(?)    =   P(?)    ♦   fc.2831H IF(P(?)    ,LT.    0.0    .AND.   C(D    .LT.0.0) 

0nnq P(3)    =   ATAN?(C(3)tS) 
P(4)    =    <C<1)«C(4)    ♦   C(?)*C(S)    ♦   C(3)»C<*>>/P(l> 
P(S)s{   C(1)»C(S)-C(4)»C(?))/SS 
P(b)    =    IClb)    -r(3)»P(4)/P(1))/S 

Onio 
0011 
0012 P<M    =    (Clt>)    -rui'Kini/Kun^ 
0013 P(7) = (C(4)»C(4)*C(5)»C(S)*C(6)«C(h)*C(l)«C(7)*C(?)«»r(H)*C(3)«C(4)    P»0 

1    -P(4)*P(4))/P(l) 
0014 P(H)    =       (C<8)»C(1)    -   C(?)»C(7)    -?.0»S»SDOT»P(S))/SS 
On IS P(9)s(C(OJ-CP(l)«(P(7)»C(3)*R(4)»C(6))-P(4)«P<*)«C(l))/ 

1 (P(l )»P(1 ) )-P(M»SDnT) /S 
001* RETURN 
0017 END 
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C 
C    ======================================================== 

0001 SUBROUTINE PLOT ( RMIN t RMAX ,R, LABEL ) 

C 
C THIS SURROUTINE PLOTS THE PK CONTOURS AND SYSTEM CONSTRAINT«; TN 
C THE PLANE WITH X AS THE HORI70NTAL AXIS AND B AS THF VERTICAL 
C AXIS. IF B*IN UMAX AND R HAVE THE VALUES OF THE. RFSMFCTTVE 
C VARIABLES OF Y. THE PLOT WILL BE A "GROUND PLOT«. IE THE DUMMIES 
C RMIN, RMAX AND R CONTAIN THE ASSOCIATED VALUES FOR Z. THE PI <»T 
C WILL RF TN THE VFRTICAL PLANE ("SKY PLOT"). 
C 
C THE PROGRAM WORKS RY INCREMENTING THE DUMMY VARIARLE R HETWFEN 
C RMIN AND BMAX DURING THE PROCESS OF SWEEPING THF PLOT. THK 

C VARIARLE IN THE CALLING LIST FOR R WILL BE CHANGED ACCORDINGLY, 
C THUS ALLOWING FOR THE FREFUOM OF CHOICE Tn EITHFR Sivf-FR Y 0« / 
C MERELY RY PLACING THF VawTARLE NAME IN THF LIST. 
C 

0 0 0? COMMON X,Y,ZtXDnT,YDOT,7DOT,XDD»Y0D,Z0D»EGDOT,AGDOT,RSO»VP, 

. TF,QNn<;,VO,RMSO,TREACtEDMAX,ADMAX,XMIN,XMAX,TITLE <?0) .CALI»« 

.ELMAX,ELGUN 

0003 COMMON /*PLOT/ PK,CHAR,MCHAR»NPK 
0004 COMMON/ENGPAR/P(R) 
0005 EQUIVALENCE (C(1),X) 
OoO* niMFNSION C(9) 
0007 REAL AAA(IS),PSAVE(101tSl)tPK(lO)»LAREL(4),R(1) 
000« INTFGER »? CHAR(10) ,MCHAR(4) ,IPLOT (101*51) «BLANK/»  »/ 
OOOQ INTFGFR CALIR 

C 
C PERFORM INITIALI7ATI0N FOR THE PLOTTING SUBROUTINE "«".PLOT". 
C 

0010 AAA(1)=XMTN 
0011 AAA(?)=XMAX 
001? AAA(.1)=RMIN 
0013 AAA(4)=HMAX 
0014 AAA(C,)=-T.O 
0015 AAA(f>)=-3.0 
001* CALL SPLOTOUPLOT) 
0017 CALL SPLOTl(AAA) 

C 
C GET THE INCREMENTS FOR THE AXES FROM SPLOT. 
C 

001R DX=AAA(7) 
001R DB=AAA(M) 

C 
C STORE 7ER0S  INTO A MATRIX USED TO STORE PK AT EACH POINT ON GWI". 
C 

0O?O DO 1? IX = l* 101 
0O?l DO 1? I8*1»M 
00??             12 PSAVF(IX,IB)=0.0 

C 
C INITIALIZE X FOP SWFEP FROM LEFT TO RIGHT. 
C 
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oo?3 X»X»HN 

00?4 0> 1 TXsltlOl 
r 

C INITIALIZE A "PAST" VALUF FOR PK. 
C 

00?S R(l>=HMrN-OR 
00?f CALL COMPK(PKS) 

C 
C INITIALISE THE R VARIARLF FOR SWEEP FROM ROTTOM TO TOP. 
c 

0O?7 RdtaBMIN 
00?« 00    ?    IH=itbl 

C 
C COMPUTE PK AT THIS POINT AND SAVE. 
C 

00?Q CALL COMPK(PKC) 
0030 PSAVF(IX,IR)=PKC 

C 
C TEST IF TARGET TS OUTSIDE MAXIMIUM EFFECTIVE GUN RANGF. 
C 

0031 IE (R^O.LE.RMSO) GO TO 3 
C 
C STORF AN •'«•• IF FIRST TIMF MAX. RANGE EXCFFUEO. 
C 

On?? IF (IR.E0.1) GO TO 1 
On."»? IPLOT ( IX. IH)sMCHAR(4) 
0034 GO TO 1 

r 
C COMPIJTF RANGE AT WHICH TARGET WOULD ME IF IT CONTINUED ON ITS 
C PHESFNT rOURSb"  FOR A TIMF EQUAL TO THF AVERAGF SYSTE" HEACTIOH 
C TIMF, TRFAC. 
C 

oo3s 3 XS r X 
003* X = X ♦ XOOT»TREAC 
0037 TF ( X .FG, 0.0 .AND, i    .FU. 0.0 ) GO TO 1000 
003« CALL CTOP(CP) 
003Q CALL GFUNC(AOUM,FDUM«3»lt.l000) 
0040          1000 * a XS 
On* I RNSO a RSQ 

C 
C TEST IF NEW HANGF IS REYOND MAX. SYSTEM »ANGF ANU PLOT A "T". 
C 

004? IF (RNSQ.LE.RMSO) GO TO 4 
0043 IPL0T(IX,IH)=MCHAR(3) 

r 
C TEST IF EITHER MAX. AZIMUTH RATE OR MAX. ELEVATION OR 
C FLEVATION HATE ARE EXCEEDEO 
C 

0044 4 IF (ARS(AGDOT).1 F.ADMAX) GO TO S 
0045 lPLOT(lX.IR)aMCHAR<?) 
0n4f» GO TO ft 
0047 S lFURS(Ft GUN)    .GF.   ELMAX)    GO   TO   ?000 
004« IF    (APS(FGÜOT) •LF.FDMAX)    GO   TO   f> 
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0049 2000 IPL0T(IX,IB)=MCHAR(1) 
no^O GO TO R 

C 
C SET SIGN OF PK GRADIENT TO *S FOP TE*T. 
C 

OnM * SS=^IGN(1.0fPKC-PKS) 
c 
C SCAN THF PK VECTOR TO SFF IF PKC H«S CROSSED ONE. 
C 

00*? DO 7 IP=1,NPK 
0053 PKU=PK(IP) 
0054 IF (.NOT.(SS»(PKD-PKS>.GF.0.0 .AND. SS*(PKD-PKC).LE.0.0)) GO TO 7 

C 
C IF PKC-PKC STRADDLES PK(IP)« PLOT THE APPROPRIATE CHARACTER. 
C 

00*S IPL0T(IX,IH)=CHAR(IP) 
00S* GO TO H 
00*7 7 CONTINUE 

C 
C TNCRFHFNT 8 UP RY ONE LTNF. 
C 

0n5R R R(l)s»(l)*OB 
C 
C MAKE PKS EOUAL TO PKC FOR NEXT PASS. 
C 

00*9 ? PKSrPKC 
c 
C INCRF^ENT X RY ONE TO THF WIGHT. 
C 

oo*o l x=x*nx 
C 
C THE SCANNING OF THE GRlO FROM ROTTOM TO TOP ANO LEFT TO RIGMT 1^ 
C C0MPI.FTE. NOW SCAN FROM LEM TO RIGHT AND HOT TOM TO TOP TO FILL 
C IN THF LINES AS NEFDED. 
C 

OHM DO 9 IR=1 »bl 
00*? PKSsO.O 
00*3 DO 10 IXsltlOl 
0064 PKC=PSAVF(IX,IR) 
00*S IF (PKC.FU.0.0 .OR. PKS.FO.0.0) GO TO 10 
00** IF (.NOT. (IPLOT(IX,IR) .FO.HLANK .OR. IPLOT(I X.IR) .EO.MCH&R(1) ) ) 

.      GO   TO   10 
00*7 S=SIGN(1.0»PKC-PKS) 
00*R 00    U    IPsWNPK 
00*9 PKOrPK(IP) 
0070 IF    (.NOT. (S«(PKO-PKS) .GE.0.0    .AND.    S»(PKD-PKC).LE.n . 0) )    GO   TO    11 
0071 TPL0T(IX.I3)sCHAR<IP> 
007? GO   TO   10 
0071 11    CONTINUE 
0074 10 PKS=PKC 
0075 9 CONTTNUF 

C 
C PRINT   OUT    THF   ••FOOTPRINT" 
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C 
007A CALL SPLOT3<IPLOT.AAA.?0HTSO-PK CONTOUR MAP  »LABEL. 

. 16H00WN RANGE» *.  »1) 
0077 RETURN 
00 7« END 
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? 
0001 

c 
c 
c 
c 
c 
c 
c 

ono? 
0001 
OoOA 
OoOS 
0006 

c 
0007 

c 
c 
c 

OOOR 
c 
c 
c 
c 
c 
c 
t 
c 
c 
c 
c 

OOOQ 
Onin 
0011 
001? 

c 
oon 

G 
c 
c 
c 
c 
c 
c 
c 
c 
c 

oou 
c 

0015 
0016 
0017 

=========================== 
SUHPOUTINE SPI,OT0( IPLOT) 

========================== 

DPLOTO INITIALI7F«; THF »PICTURE MATRIX» HY CLEARING IT TO Rl ANK;. PooOOO?0 
THE PICTURE MATRIX HAS 101 COLUMNS CORRESPONDING TO THK 101 OOOO0030 
HORIZONTAL HAMMPP POSITIONS ON THE PRINTER. THE PICTURE MATRIX HASfno00040 
SI RO*S CORRESPONDING To THF VERTICAL SPACING ON THE PRINTEP.     OOOOOUSO 

INTFCFP ♦? IPLOT(101«S1)tHlANK/» '/ 
00 1 TV = 1,>D1 

00 1 IX«1.10 1 
]  IPL0TUX«IY)*HI.ANK 
RETURN 

ENTRY SPl OTl(AAA) 

SPLOT1 INITIALIZED THE WORKING PORTION OF THE USER'S AAA-VECTOW. 

REAL AAA(IS)•EPSLON/S.OF-4/ 

USER MUST PROVIDE A VECTOP OF LENGTH IS »4 WOHUS. 
USER PROVIUES PARAMETERS IN FIRST 6 WORDS. THE LAST Q ARE 
USED HY THE PROGRAM FOR STORAGE OF INTERMEDIATE RESULTS. 
AAA(1)=XMIN 
AAA{?)= *MAX 
AAA(1)=YMIN 
AAA(4)=YMAX 
AAA(SI=?XPWP 
AAA(M=TYPWR 

AAA( M = (AAA(?)-AAA(1) )/100. 
AAA(a>=(AAA(4)-AAA(3))/S0. 
AAA(IS)=0. 
RETURN 

FNTRY SPl.OT?(IPLOTtCHAR.AAA.XV,YV) 

nOftlKIIIMi 
•Hindoo ro 
unoooOHO 
(•iioonoQO 
«onooioo 

I f) 000 no 

ooooo1?0 

00000140 

nnoooiso 
0000 0160 
00000170 

l'P0fl0?40 

i'OOH0?S0 
<>00Ü0?60 
<.0000?70 

t)O0003?0 

SPLOT? DETERMINES THf  PROPCR POSITION IN THE ulVEN PJCMHF 
HA1PTX Of    THF PAIR (XV.YV). US I MC, THF SCAlINO INFORMATION 
GIVFN IN THF AAA-VFCTOP. 
IPI.OT IS THF »'irrURF MATRIX 1HF  (XV,YV) POINT IS TO -<F RlOlTHi 'CJ . '> n nOO no 
CHAW IS THE PIOTTING CHARACTER TO OF USED.  ( I xiT F<iF »•>) 
AAA IS THE PLOTTING-PAHA^F TFR VFCTOR FOR THE FUNCTION MF.IN6 
PLOTTFO (SEE AMOVE). 
XV *NO YV ARE THE COORDINATES OF THE POINT TO »<E PI OTTFO MY SPlOT^dOOOO370 

INTFGER •? CHAR 
INCREMENT A POINT COUNTFP. 
NPsAAA(lS) 
NP=NP*1 
AAA(15)*NP 

0 0000 3^0 

00000410 
000004?0 
00000430 

♦ 
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0010 
ool9 

0020 

on?i 
0022 

0021 
0024 

0025 
002* 
0027 
002A 
0029 
0030 
0031 
003? 
0033 
0034 
003S 

0036 
0037 
om« 
0039 

0040 
0041 

004? 
004-* 
0044 
0045 
004* 
0047 
004ft 

0049 
0o50 
oosi 
oos? 
0053 
0OS4 
ooss 
00«i6 

00*7 

00*« 
00*9 

6] 

60 

6 4 

64 
65 

66 

68 

69 

r.fcT THf OELTA-X AN») HFITA-Y TQV    THIS FUNCTION 
f»X = AAA( f\ 
DY=AAA(M) 

IEST    IF    PAST    INITIAL    START-UP   PF*MO|l   <)F     \   POIMTs. 

IF    INP.GT.3)   GO   TO   61 
SAVF    THE   NEW   POTHTS. 
AAA(NP»n)=*V 
AAA(NP*lI)=YV 
IF WF NOW MAVI  < POINTS, START THF Pi MT. 
IF (NP.FO.J) GO TO 60 
PF TURN 
SAVf    MW   POINTS   AND   PUSH   mil   OlOFS!   ONF . 

I  I»? 

AAA ('J)sAAA(lOI 
AAA(10)zAAA()1> 
AAAC11 )=XV 

AAA(1?)=AAA(1J) 
AAA(13)=AAA<14) 
AAA(14)=YV 
00   TO   *! 
L 1 = 1 
L2 = ? 
COMPUTF    A    niRFCriON-SFNSIT IVF    UELTA-X. 
r)YTaARS(AAA(L?*ll)-AAA(l  1*11)) 
COWp=nx»nY/AMAXl(DY,OYT) 
COWPrAMAXl(roHM«o.ni*nx) 
OIWFCT = STGN(COWP, AAA(L2*H)-AAA (I. 1»A) ) 
INITIALIZE AN X-SCANNFR TO TRAVFL BETWEEN POINTS LI «NO L2. 
XSCANsAAA<L1*H> 
IF (LI.EO.?) XSrAN=XSCAM*Ol*ECT 
rOMPHTF AND TF.ST VALUFS OS»- n MY NFWTON INTF RPOL A T ION FORMULA« 
nENJsA«A(10)-A^A(Q) 
OENP=AAA ( 1 1 >-AAA ( It) ) 
DENlsAAAdl )-AAA(9) 
IF    (A«S(DEN1),LT.EPSLON«APS(AAA(10)))    GO   TO   64 
ni=(AAM13)-AAA<12))/OFNl 
r,0   TO   ftS 
01*0. 
IF    (A«S(0EN2) .1 T.EPSl ON»A«S(AAA< 10) ) )    GO   JO   hh 
02a(AAA(14)-AAA(13))/OEN? 
",0    TO   *7 
O?s0. 
TF     (AMS(OENl) ,LT.FPSLON»AHS(AAA( 1 0) ) )    KM    Hi   A.« 
noiB(n?-niI/DEN1 
GO To *9 
ODlan. 
USE NFwTON'S FORMULA TO COMPUTF A Y-VAL'lF CORWESPONOINR TO XSfAM 
IX*1.S*(XSCAN-A A A(1))/OX 
TfST IF IT IS OFF SCAI.F. 
IF (TX.LT.l .OP. IX.GT.IOU PFTUWN 
YSCAH=AAA<1?)♦(XSCAN-AAA(M)) <»( P 1 ♦(XSCAN-AAA(10))»0U1) 
COMPUTF rOHRFSPONOlNG VFPTTTAL SPACF POSITION ON PPTMTFW. 

<iOOU0450 
H000046« 

mi no04MM 

«> on oos no 
•umonsin 

b 
nnnoomo 
uilOOO^AO 

nnnOQ*7o 
.lOnUOSflO 
<»onons90 

i)()000600 

M0O00610 
O0n00640 

^roOOTOO 

(1000 

O'jno 

ftono 
f'Ono 
nnon 

DtlOO 
OfiOO 
nono 
nono 
«Mioo 
0 0 0 0 
nnno 
unoo 
i.OOU 
i»o no 
nnoo 
tinno 

0 7 MO 
0790 
0*0<J 
OH 1(1 
OH?0 
OHIO 
0840 
(IHSO 
08*0 
(•ft 7 0 
OHHO 
f-ftmi 

0900 
09|0 
09?0 
ng }fl 

0940 

0 0nU 0 7 7 0 
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00*0 

00*1 
00*2 

00*3 

00*4 
00*S 

00** 

00*7 
00*fl 
00*9 

0070 

0071 
007? 

0073 
0074 
007»; 
007* 
0077 
007R 
0079 
00«0 
oofll 
OOP? 
00A3 
00«4 
OOPS 

OOfl* 
0OA7 

OORR 
0009 
0090 
0091 
009? 
0093 
0094 

C 

IT»a,5«<YSCAN-AAA(3))/Dv 
TEST IF OFF SCALF AND CORBET. 
IF (IY.LT.l) I Y= 1 
IF (IY.GT.51) lYr5J 
STORF A PLOTTINP, CHARADE« IN THF DFSIREO POSITION. 

I PLOT(IX.IY)sCHA« 
INCREMENT   X-SCAJ^NFR   AMD   TFM    IF   PAST   POIMT   I tf. 
ASCAN«ASrAN*|)IWF r I 

IF    (niWFrT«(XsrAN-AAA(L?*»0 ) .IJ .0.0)    (iO    10   »>9 

IF   PAST    POINT   L?   ANO   NOT    IN   TNITIM     MHMODi    »HllMN. 
IF     (I ^.FO.J)    HFTURN 
JUST PLOTTEO RETWEEN THF FjuST ? POINTS. NO* PLOT MFTWEFN THE 
?-ND AND 3-RU POTNTS. 
Ll = ? 
L««3 
GO TO *3 

FNTPY   SPL0T3(IPlOT.AAA,TITLF•VLAHtHLAHtO) 

?* 

7 

S 

00000970 

0OOO0R90 
'lonninon 

uoooio ro 
MOllO I IIHO 
'inmi | (igo 
«iinoi [OH 

fuioOl 1 l n 
ooooii?o 

000Ü1140 
nnooiiso 
oooOl170 

(toooi?io 

SPLOTl   PRINTS   OUT    THF   PICTURE    MATRIX    USING    T^    LAHFLS   AND 00001 191) 

THF    STALING    INFORMATION   GJVhN. 
TITI.F    IS   A   ?0-CHARACTFR   HOLLERITH   FIFLD   GIVFN   MY    THF    nSFR   To   l AMf i nnnd 1 ,>?0 

THF    TOP   OF   THE   PICTURE 
VLAH   IS   A    1*-CHABACTFR   HOILFRITH   FIFLD   GIVFN   MY   THI    USF *    TO   LAMFl     non»l?40 

THF VFPTICAL SCALF. 
MLAR IS A l*-CHAOACTFR MOLIFWITH FIFLD GIVEN MY THE "SEP TO LAMEL 0nn01?*0 

THE HORIZONTAL SCALE. 
0 IS THE OUTPUT DATA SET. 

REAL 
INTFG 
WRITF 
FDRMA 
HIGDY 
YLAM« 
HII.IIY 
IP«0 
DO A 
IY«S? 
IP«1P 
IF |J 

WRITE 
GO TO 
IF (J 

L = AAA 
WRITF 
GO TO 
IF (I 
TPa-K 
WRITF 
FORMA 

GO TO 
WRITF 

TITLE (5). VLAH (4) .H|_AH(4> tXLAH(ll) 
FR O 
(0,2) TITIF 

T (»1».S0XSA4) 
*10.0»«IFIX(AAA(*)) 
AAA(4) »HK-DY 
=AAA(8)»MIGOY 

J»1«5I 
-J 
♦ 1 
.N| .23) GO TO 2* 
(0,21) VLAH, (IPLOT( !X,TY).IX = U101) 
31 
.NF.24) GO TO 27 

(Ot22) L» < TPLOT(IXflY).IX=1,101) 

31 
P)S.*»* 

(0,7) YI.AH» { I PLOT (IX,1Y).IX = 1,101) 
r ( • •iFlh,?i^H «101AI) 
31 
(0,H)  (TPLOT(IXflY) f IX3l,mi) 

0OOÜ12R«) 
00001300 
0 0001310 

OnoOJ330 
00001340 
onooi jso 

00001370 
00001 iMO 
0 0 00 l JW0 
onoo K oo 
10 0 01410 
"O0O142O 

000»1430 
00001*40 
000014SO 
000014*0 
on oo ) •. 7f 
0 0 00 14HO 
' -0001490 

nonuiMu 
nnoois?o 
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009«* 

00<»7 
009R 
009Q 
0100 
0101 
010? 
0103 
0104 
010S 
010* 
0107 
010B 
010Q 
01 10 
01 11 
01 1? 

0113 
01 14 
Oll* 
01 lfr 

R   FORMAT    ( •    • • 1 7X • I • .miAl ) 

|]    ]f     <M()|.(.IO) .FO.l )    «iO    f(>   ?H 

WHITr     (0./>^) 

?g       FOWMAT     < •♦• .1 IHK. • I • ) 

no TO * 
2R WWITF  (O, 10) 

«0  FORMAT(•♦•»l^Xt ?0(SH     ♦)» 
IF( J.FQ. 1 .OR. J .*«. Sll WMITF(O,S0) 

SO  FOMMAT I •♦'• 1RX*«-•«20(SH )) 
4    YLAMrYlAH-dlPOY 

RlGnx = 10.0«»»IFTX(AAA<S)) 

XLAR(1 )=AAA(ll«Rl(iOX 
TENOX=10.*AAA(r)«RIGDX 

OO   9   J»ltH 
9   XLAR(J«l)sXLAR(.))*TENOX 

L»AAA(S) 
WRITF    (0,10)    XLV*tMLARtl. 

10      FÜHM4TC     MHX.M'.IOC....«....!')/'    • ««»• UFlO.?. /• ■ 
1    UM   MUl T.    RY    10«*M2) 

RET 
?1    FORMAT     (•     • «4»A4« l *• I • t 10 I A 1 > 
??    FOHMAT     <•     •♦!*"    MULT.    MY     )()••[?, 1 X« |  ». lOUl ) 

FNI1 

• »S0X*A<». >« 

MIMIK l S  Hl 

onnni', v 

.tnnO ) S M 

»000 1S40 
noooissn 
oooo I 
OOOOIS70 
onnOlSRO 
nonoisyo 
00101*00 
oonoiMfl 

X 

00001630 
D 10'H6*Q 

f>7 



FOOTRAN Tv 6 LEVEL  21 MAIN               PATE = 74109          lb/lS/ss 

C 

Oooi SUBROUTINE MATMIJL 

c 
C THIS SURROUMNF PERFORMS THE MATRIX MULT IPLICAT10S NECESSARY 
C TO CALCULATE THE MEANS ANP V6R. OF THE GUN ERROR 

OoO? COMMON/COVMAT/ COV(?.?) 
onni COMMON/PARTS/ E(?»6) 
0004 COMMON/ SIGMA/ SIG(f>tM 
0005 COMMON/MFANS/ XM(6)iAM<2) 
000f) OIMENSION TFMP(?«6> 
0007 DO 10 I-lt2 
Ono« AM(i)=n. 
0009 DO 10 J=l«6 

C CALCULATE THE ME »VMS 
0010 AM(I) = AM(I) ♦ F(ItJ)*XM(J) 
001 1 SUM ■ 0.0 
001? DO S K=l,6 
0013 5   i>UM = SUM ♦ F(I«K)*SIfi(KtJ) 
0014 10  TEMP(T.J) = SUM 
001^ DO 20 1=1»2 
001* DO 20 J=T»2 
0017 SUM = O.o 
oolP no IS K=1.6 
0019 15  SUM = SUM ♦ TEMP(I.K)«E( |,K) 

C CALCULATT THE VAP. 
0020 COV(I«J) = SUM 
0021 20  COV(J,I) = SUM 
002? RETURN 
0023 END 
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FORTRAN TV G LF.VEL £\ MAIN DATE = 74109 1S/1S/SS 

C 

OoOl SUBROUTINE MFSIG1 

c 
OoO? COMMON/MEANS/ KM ( 6 ) , AMDl»M (2) 
0003 COMMON/SIGMA/ STr,(6.*>) 

C PFAD THE GUN SENSOR tPROP DATA 
C THE DRDEP OF THE VAPIBALES IM THE SENSOR MEAN MEASUREMENT 
C ERPOR VFCTOR (XM(I)) IS : 
C * WANGF 
C • A7IMUTH 
C • Fl EVATlOrj 
C • RANGF «ATE 
C • AZIMUTH HATF 
C • FLEVATION RATF 

0004 M = ? 
0005 REAn{M,1000) (XM(I) tlsltf,) 

C THE INPUT SIG(I»J) ARPAV CONTAINS THE STANDARn 
C DEVIATIONS IN THF DIAGONAL TE MS AND THF CORRELATION 
C COEFFICIENTS IN THE OFF DIAGONAL TERMS.  THE ORDER OF Tu»- ROWb 
C THE MATRIX (AND THE COLS.) CORRESPOND TO THE FOLLOWING ORDER OF THF 

C ENGAGEMENT RAPAMFTEPS: 
C 1 s=> RANGE 
C ?    ==> AZIMUTH 
C 3 ==> ELEVATION 
C 4 ==> RANGF RATE 
C S ==> AZ. RATE 
C fc = *> FLF*'. RATF 
C THE SIG MATRIX '»ILL HE A SYMETRICAL MATRIX AND IT 
C IS REAP ONL ROW AT A TIME.  THE INPUT DATA SHOULD RE SET 
C UP WITH ONE ROW OF THF MATRIX ON A CARD. 

000* PEAO(M.IOOO)  ((STG(JtI)•1*1♦*)tJ=l.*) 
0007 1000 FORMAT(6F10.0) 
OOOA WRITF (1,100) 
OOOQ 100 FORMAT(• SFNSOH FRRORS»/« MFAN MFASURENT FRROHS XM(T)»/) 
0010 WRITF (lt?00)  (XM(I),1=1,h) 
00 1 1 POO FORMAT (*X» »RANGF,M» ♦ T30,FH,S/f>X, • A/ I MUTH , RAD • « 1 30,F'q.S/ 

.6X,»FLEVATlON,RAD»fT30tFH.S/*X,»RANGE RATF,M/S» »T30,FH.S/ 
•6X»»AZ. RATE«RA0/S»♦T30,FH.S/GX,tEL. RATE,RAD/S•♦T30tF«.5/) 

001? WRITF (1,300) 
0013 300 F0RMAT(• MATRIX OF STaNDARf) DEVIATIONS AND CORRELATION COEFFICIENT 

• S»/ 
,' THF UNITS ARE THE SAME AS FOR THE MEANS»// 
. 16X, »RANGE» tf>X.»AZIMUTH»,7X,»ELFV.»,TX,«R. RATF • »*X, »A/. RATE»« 
.SX,»FL. RATE»/ ) 

0014 WRITF 11,400)  ( ( S I G ( J , I ) • I = 1 ♦ f>) , J= 1 « 6 ) 
0015 400 FORMAT(» RANGF • , *X , F » . ? , *>X »F « . 3 • 4 (SX.F8.3) /• AZIMUTH • , h ( 4 X , F R . '* ) / 

.» El FVATION»,3X,FQ.4,S(4X,FQ.4)/» R. RATE••6(SX.F«.3)/ 

.♦ A7. RATE•,4X,FQ.4,S(4X»F9.4)/» EL. RATE»t4 ,F9.4«S(4X,F9.4)) 
C     CHANGF THE STD. OFV. INTO VAR. 

001* DO S 1=1tb 
001 7 K s I ♦ \ 

69 



FOPTRAN TV G LEVFl  21 MFSTfU             DATF s 74109          1S/1S/SS 

00 lft r»0 S J =Kt*>                                                                    • 
0019 SlG(ltJ) = SI6n«J)»S!<HX?l)«SlaCJ*JJ 
00?n SIG(J,I) = SKi(TtJ) 
0n?l S   rONTTNUF 
oo?? no h  i=it6 
00?3 6   MGU.I) = SIG(Itl)»«? 
00?4 RETURN 
On?S FNn 
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FOQTRAN TV G LEVEL  21 MAIN                DATE = 74109          IS/IS/«,*. 

C 
C = = = = = = = = = = = rs = = = = = = = :e = = = = = = = = = = = = = = = = = = = = = = = = = = = 3: = = r = = = = 

0001 SUHMOIJTINE      VULAPDICALIR) 
C =*=s=======as==== = = = = = = = = = = ============================= 
c 
C THIS SURROUTINF <~OMPUTEv TARNET VULNERAHLF AREA FOR POINT-CONTACT 
C PROJECTILES. 
C VULNERABLE AREA IS A FUNCTION OF TARGET TYPE. SHELL C^LlHtR. 
C STRIKING VELOCITY AND STRIMNG DTRFCTION. 
C THIS FNTRY POINT SERVFS TO SFLECT THF DATA KO" THE SHFLL CA! JHF^- 
C RY "CALIR". 
C 

000? IMPLICIT   INTtGFR    (E)                                                                                                                               i»onfl(i?0O 
C 
C CALIB«1:      ?0MM   HF   PROJ.,   KK   KILL. 
C CALIH*?:   30MM HF PROJ.t KK KTLL. 
C CALIM«3«  40MM HF PROJ.» KK KJLL. 
C CALIR=4:  S7MM HF PROJ.» KK KILL. 
C CAlIHsS:   R LR WARHEAD» KK KILL. 
C CALIH=6:  ?0MM HE PROJ.» CLEAN AIRCRAFT. A KILL. 
C CALIH«71  ?0MM HE PROJ.» AIRCRAFT WITH WING TANKS» A KILL. 
C CALlB.R:  30MH HE   PROJ.» CLEAN AIRCRAFT. A KILL. 
C CALlflaR:   30MM HE PROJ.» AIRCRAFT WITH WING TANKS. A KIIJ. 
C CALIR*10:  40MM HF PROJ.« CLEAN AIPCRAFT. A KILL. 
C CAL IH=1 1 :   40MM HE PROJ.» AIRCRAFT WITH WING TANKS. A KILL. 
C CALIH*!?!  S/MM HF PROJ.» Cl F AN AIRCRAFT. A KILL. 
C CALIH.13:  S7MM HF PROJ.» AIRCRAFT WITH WING TANKS. A KILL. 
C CALIH«14S  TOTAL PROJECTED ARFA OF A FOREIGN AIRCRAFT (FOw HIT PHOW. CMC.). 
C CALIR«1S:  GLAAOS TARGET: 4 SO M FRONT f>   RACK; ?4 SO «4 SIDES. TOR K   «OTTO»% 
C 

0003 INTFGER CALIfl.SYSIN 
000* OIMFNSION         TV(1) »SV(D »V(3) .V/R(3) »RSULT(3.3) »FR(D .«(1) . 

1S(7.^.7),AVR(10) 
C 
C COMPUTF OATA SET NUMBER AND READ DATA FROM DISK. 
C 

0005 SYSIN =10*CALIR 
0006 REWINO SYSIN 
0007 READ (SYSIN.ROD EMAX» < ( (S < J«K tL > t J«l • 3) tK-l ♦€>) «L»l «FMAX) 
000R R01 F0RMAT(I5/(ftF10.S)) 

C 
C EMAX EQUALS THE NUMBER GF VULNERABLE COMPONENTS 
C K»l: FRONT. K=^: REARI K«3> PORTI K=4: STARBOARD. K=e,: MOTTOMI 
C K»6t TOP. 
C THE AREAS IN THE "S" MATRIX ARE IN SO METFPS 
C CORRESPONDING VFI OCITIES Fu« VARIOUS LEVELS OF» j ARP IN METFKS/S 
C 

OOOQ RETURM 

C 
0010 TNTRY VUlNAR(R0S,VP»AV1 
0011 REAL POS(h),ftV(7) 
001? DIMENSION  IN(3)»IM(3J 
0013 R ■ SORT (POS( | )»POS(l ) ♦POS(?)»POS(/') ♦PnS(3)»POS(3) ) 

7L 



FORTRAN IV G LEVEL  21 VHLAPr» DATE 7*109 1S/1S/SS 

0014 
oom 
001* 
0017 
001« 
0019 
00?0 
0021 
0022 
0023 
0024 
0025 
002* 
0027 
002A 
0029 
0030 
0031 
0032 

0033 
0034 
0035 

0o3* 
0037 
003R 

C 
C 
C 
r. 
c 

C 
c 
c 
C 
r 

0P = SORT <P0S(1 )»P0S(1) ♦P0«.(2)»POS(2> ) 
CE ± GP/R 
5E = P0S(3)/R 
SA = P0S(2)/GP 
CA » P0S(1)/GP 
SV(l) = VP»CE»CA 
SV(?) = VP»CE»SA 
SV (3) = VP»SF 
V«(l) = SV(1)-P0S(4) 
VR(?) = SV(2) 
VR(3) = SV(3) 
RT = SORT< VP(1)*VH(1)♦VU(?)«VR(2)*VH<3)«VR<3) 

)-!.)/?. 

DO 14 I = 1,3 
13 R(I) * AHS <VRm/PT) 

AVK(i) = ABS( ^»(1) ) 
14 IM(T) = ?«I-l-( SI(,N(1.0fVW(I) 

00 30 E = ItfMAx 
AV(F) = 0. 
HO 10 1 = 1»3 

THIS FttlMTION PERFORMS l I ^4^ <\^ INTI RPl.OAT TON ON VIJI NFRAHl f  4»U . 
S(2.IM(|),t) ANI) S(I.IM(!),M K)P STRIKING VELOCITIES Of Vr' AND V| 
RESPFCTlVtLY.  V?=304.H M/S (lOOO FT/SEDI Vl*lb2.4 M/S (S00 FI/Sff) 

ATP=(S(2.IM(I)tFl-SUtl*(I).F))«(AVW(I)-152.4)/lS2.4*S(].IM(D.F) 
ATP = AMAXI (ATPtO.) 
ATP = AMTNl(ATP»S(2,TM(I),M) 

NOTF THAT LINEAR INTFRPlOLMION IS USED TO COMPUTE VULNERARLE 
AREAS. «F DO NOT ALLOW AN ftPFA SMALLER THAN THE SMALLEST VAI UF 
GlVFN OR A VAL"F LARGER THAN THF LARGEST VALUE GIVFN. 

30 AV(F>=R(T)«ATP*AV<E> 
RFTljRN 
FND 

MOO0S9A0 

12 



SAMPLE PROBLEM 

The following sample problem illustrates the use of the ISO-PK pro- 

gram for the analysis of a hypothetical air defense gun system being 

used against a hypothetical target aircraft. 

Next page is blank. 
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LP 

//FT01F001 DD SYSOUT=A«DCB=RECFMaUA  OUTPUT DATA SET FOR FOOTPRINTS 
//DATA OD ♦ 

3    4    3    T    F 
-2000,    4000.     0. 5000«     0.        5000» 
-128.61111-180.05555-231.50000 
250.      450.      850.      1200. 
250.      450.      800. 
$STOP 
//FT02F001 DD •  GUN DATA SET 
ISO-PK SENSITIVITY ANALYSIS:EXPERIMENTIt1/2 

1 
12.      .003      .003    1014. 
.(SO .60 0.0 30.0 1750.0 1.48 

1500. 2.834 
0.0030 0.0035 4 4 
0. 0.060 0.300 0.600 

.004 .0047 .0058 .0072 
0. 0.060 0.300 0.600 

.004 .0047 .0058 .0072 

INPUT LISTING 

-5. 
5.0 

.0025 

//FTllFOOl DD ♦ 
1 

.17       .33 
1.27      2.54 
1.11      2.23 

0. 

.0025 

0. 

5.0 

0. 

.0025 

0. 

.0025 

.33 • 06 • 12 • 12 
2.54 1.27 2.54 2.54 
2.23 .8 1.6 1.6 

0. 

FPC/2 

FPC/4 
FPC/5 

2022110 
2022120 
2022130 
2022140 



G A 0 E S  ISO-PK  CONTOUR  PROGRAM 

ISO-PK SENSITIVITY ANALYSIS:FXPERIMENTI.l/2 

CALIPER TYPE 
MUZZlE VELOCTTYt M/S 
STD. OEV. OF MUZZLE VELOCITY. M/S 
STO. DEV. OF X-COMP, OF RES. GUN OISP.. RAD, 
STO. OEV. OF Y-COMP. OF RES. GUN DISP.. RAH. 
MAXIMUM ELEVATION» PAD. 
MAXIMUM ELEVATION RATE» RAD./SEC. 
MAXIMUM AZIMUTH RATFt RAD./SEC. 
AVERAGE SYSTEM REACTION TTME. SEC. 
ROUNDS PER BURST 
MAXIMUM EFFECTIVE RANGE. METERS 

MANCH 1^73 OUTPUT LISTING 

I 
1014.00 

12.0000 
0.003000 
0.003000 
1.4800 
0.60 
0.60 
0.0 

30. 
1750. 

RANGE.    M,    «1500.0000 TIME   OF   FLIGHT.    SECS.   *      2.8340 HALLISTIC   COEFFICIENT,<-*AH 0.3211 

DYNAMIC GUN-POINTING ERROR FUNCTION - ELEVATION 
POINT  EL. RATE. R/S     STO DEV OF EL. ERROR, R 

1 0.0 0.0040 
? 0.060 0.00*7 
3 0.300 0.0058 
4 0.600 0.0072 

DYNAMIC GUN-POINTING ERROR FUNCTION - AZIMUTH 
POINT  AZ. RATE» R/S     STD DEV OF AZ. ERROR. R 

BIAS. RAD.= 0.0035 

BIAS» RAD.= 0.0030 

1          0.0 0.0040 
?.                           0.060 0.0047 
3          0.300 0.0058 
4          0.600 0.0072 
OR ERRORS 
MEASURENT ERRORS XM(I) 

RANGE.M -5.00000 
AZIMUTH,RAD 0.0 
ELEVATION.RAD 0.0 
RANGE RATE.M/S 0.0 
AZ. RATE.RAD/S 0.0 
EL. RATE.RAD/S 0.0 

MATRIX OF STANDARD DEVIATIONS AND CORRELATION COEFFICIENTS 
THE UMTS ARE THE SAME AS FOR THE MEANS 

RANGE AZIMUTH ELEV. R. RATE AZ. RATE EL. RATE 

RANGE 5.00 0.0 0.0 0.0 0.0 o.n 
AZIMUTH 0.0 0.0025 0.0 0.0 0.0 0.0 
ELEVATION 0.0 0.0 0.0025 0.0 0.0 0.0 
R. RATE 0.0 0.0 0.0 5.000 0.0 0.0 
AZ. RATE 0.0 0.0 0.0 0.0 0.0025 o.o 
EL, PATE 0,0 0.0 0.0 0.0 0.0 0.0025 



CONTOUR PK CHARACTF^ 
1 O.OObO F 
2 0.0100 G 
3 0.0500 H 
4 0.1000 I 
s 0.?500 J 
6 n.sooo K 
7 0.7b00 L 
R 0.9000 M 
9 0.9500 N 

10 0.9900 0 

MASK CHARA' :TER 
Ft. PATE OR MAX FL F 
AZ. OATE fl 

iNSUr. TIMF T 
OUT OF RANGF R 



ex 

5,00 •■ 

4.50 • 

4.00 ♦ 

3.50 •     ♦ 

3.00 • 

CROSSING RNG.. M 
MULT, HY l0«»-3 

?.50 • 

2.00 • 

1.50 • 

1.00 • 

0.50 • 

ISO-PK CONTOUR MAP 

RRRRRRRRRRR 
RRRRRRG        GGGWRRRR 

RRRG GGRPRP 
(•RPr, «     ♦     ♦     ♦     ♦   G§ RR ♦ 

RRG HHHHHHHH 
RRG      HHHHH        HHHHH 

RGG    HHH HHH 
RG    HHH      IIIIIIII H 

OG*  HH*   If I II ♦     ♦IIII*     MH 
RG 

RG 
RGG 
G 

RFG 
FG 
FG 

R F G 
F G 

HH  IIII 
H II 

HH II 
H I 

♦ H I* 
H I 
H I 
H I 
H I 

II 
I 

JJJJJJJ 
4JJJ ♦    «J 

JJ J 
JJ J 
JA J 

JJ  KAAAKKKK     J 

I 
I 
I« 
I 

II 
I 

H 
H 
H 
H 
H 

HH 

H 
HH 

-0.00 • --♦ ♦ *P6—*-H-f*-d—♦***?« *♦ <*♦• 
I  H 

-♦-♦H- 

GG RR 
G  RR 
Q    R 
G 
♦ G 

G 
8 
Q 
G 

♦ 8 
a 
e 

GG 
G 

► *6- 
I I 

RR 
WO ♦ 

FR 
F R 
F 
F R 

♦ F  ♦ 
F  R 

FF 
F 
F 

-♦F ♦- 
• I I I 

-2.00     -1.40     -0.*0 -0.20      0.40      1.00      1.60      2.20 
DOWN RANGEt M.      MULT. B* 10»»-3 

2.80      3.40 4.00 

ISO-PK SENSITIVITY ANALYSIS:FXPERIMENTI»l/2 
TARGFT VEL0CITY=-12fl.6llM/S     TARGET ALTITUDE«  250.000M 



ISO-PK CONTOUR MAP 
5.00 •■ 

4.50 • 

4.00 • 

3,50 

3.00 

CROSSING PNG.» M 
MULT. BY 10<n»-3 

1.50 

1.00 

-0.00 
I 

♦    ♦♦♦♦♦♦♦«•«•«•♦♦♦♦♦♦♦♦♦ 

♦    ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

2.50 • 

2.00 

0.50 •     ♦ 

RRRRRRRRRRRRRRRRRR 
RPRRG GGRRRR 

♦RPPG*    ♦    ♦    ♦    ♦  GG»RR 
RRG 

RRG       HHHHHHHHHHHHHH 
RGG    HHHH HHH 

RRG    HHH       Uli HH 

GG WR 
G  RR 
GG  PR 

G   R 
pr,S   HMH   *IIII* 

»GG   HH  nil 
GG   HH  II 

H  II 
HH II 

IMII ♦ 
II 

♦G 
8 

II 
RG 

RGG   HH II JJJJJ 
♦G *H  !♦ *JJJJ*   J4J         i 

RFG     H  I JJ J 
FG     H II JJ J 
FG    H I JJ   A J 
FG     H I JJ   AAAKKKKK    J 

—WB *H-*-*-d—♦ -**« KK d« 

H 
H 

H 
H 
H 
M 
H 
H 

G 
a 
G 
a 
a 
a 
a 
a 

■    * 

R 
FP 
F R 
F 

♦ F P* 
F 
F 
F 
F 

I 
-2.00     -1.40     -O.BO -0.20      0.40      1.00      1.60      2.20 

DOWN RANGEt M.      MULT. BY 10#»-3 
2.80      3.40 4.00 

ISO-PK SENSITIVITY ANALYSIS:EXPERIMENTl,l/2 
TARGET VELOCITY — 12R.611M/S     TARGET ALTITUDE«  450.000M 



ISO-PK CONTOUR MAP 

oo 
O 

5.on ♦• 

4,50 •     ♦♦♦♦♦♦♦♦#♦♦♦♦♦♦♦♦♦♦♦ 

4.00 •     •    ♦♦♦♦•♦♦♦♦*♦♦♦♦♦♦♦•• 

3,50 •     ♦    ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

3,00 *     ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

CROSSING RNG.t M 
MULT, BY 10»*>-3 

♦    ♦    ♦ 

?,50 *     •    ♦•♦♦♦•♦♦♦♦♦♦♦♦♦♦♦■♦• 

?f00 *     ♦    ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

1.50 •     ♦    ♦    ♦    ♦ 

1.00 • 

RRRRPRRRRRRRRP 
♦    *RRRRf    ♦    ♦ GGRRRRR ♦    ♦    ♦ 

RRHG 6GGPO 
RPR GGRRP 

RRff HHHHHHH G  PR 
PRO      HHHHHH       HHHH G^  R 

♦ *Rr;  ♦  MHM    ♦     ♦     *HH  ♦     ♦   G* P  ♦ 
PG     HHH    III IIIII III      MH 

PG     HH    HI II       H 
RG     HM   HI II     H 
GR    HH  II I     H 

♦ R« ♦ HH MI   ♦     ♦     ♦     ♦   I ♦ H  ♦ 
GG   H  II I     H 

PG            H   II                                                                     1         H 
G         HH    I                      AA      JJJJJJ                          I H 
G         H       I                JJAAAJJ               J                       I H 

-0,00   ♦ ——♦ ♦ *F6—*H—*♦ alddddfP ♦ — d-* i H* — 

G     w 
6     P 
G P 

0.50   # ♦ ♦ 

n 

♦       ♦♦♦♦♦♦ 

♦       ♦♦♦♦♦♦ 

♦       ♦♦♦♦♦♦ 

p 
F 

G F 
G        r 

♦ — G-*-P- -♦--_-♦__-.♦ 

I I 
-2.00 -1.40 -O.flO 

I.........I.........I.........I, 
-0.?0 0.40 1.00 1.60 ?.?( 

DOWN   RANGE»    M. MULT.    MY    10*>*>-3 
?.HO     3.4n     4.00 

ISO-PK SENSITIVITY ANALYSIS:FXPERIMENTI»l/2 
TARGFT VELOCITY.-128.611M/S     TARGET ALTITUDE*  800.000M 



ISO-PK CONTOUR MAP 

CO 

5.00 •- 

4.50 • 

4.00 • 

3.50 • 

3.00 • 

CROSSING RNG.. M 
MULT. BY 10«>«>-3 

1.50 

2.50 •     ♦ 

2.00 

RRRRRRRRRWR 
RRRRRR6G6G666G6G RRRRRR 

RRRGGGG GGGG   RRR 
♦   RÄGGG ♦     ♦     ♦     ♦   GGG   »HP  • 
RRRGG GG    HR 

WRf,      HHHHHHHHHHHH 
RRGG   HHMH HHH 

RGG    HHH HHH 
1.00 •      ♦     ♦     ♦     *RGG *HHH ♦IIHIIIHII  ♦     *H   ♦ 

RGG  HH  II I I III       H 
PGG  HH III II      H 

RGG  HH II I     H 
FF    H II I     H 

0,50 •      ♦     ♦     ♦ R G*  H f     ♦     4JJJJ4 ♦    I*  HH* 
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INTRODUCTION 

The expressions used to define the position of the gun necessary to 

score a hit on the target are derived in this appendix.  The equations 

are based upon linear prediction methods and are, therefore, correct only 

if the target is flying at a constant speed.  The expressions must, of 

necessity, be in terms of the measured quantities (a, e, r, a, e, r) 

(see Figure 1, p. 7) at the present position of the target; for only then 

can the necessary partial derivations be taken. 

Azimuth Angle of the Gun 

The azimuth position of the gun (and target) is a rather artificial 

quantity since there usually is no reference on the gun from which it can 

be measured.  However, it is a required mathematical necessity.  It will 

be shown that the actual measurement of an azimuth angle is not required 

in determining the lead angle of the gun.  The position of the gun can 

be expressed as: 

AG = a -I- XA 

where 

Aß s azimuth angle of the gun 

XA ■ azimuth lead angle measured in the ground plane 

Mathematically, AQ and "a" are both measures from the same arbitrary 

reference. 
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The lead angle AA is defined:  Consider the projection of 

the path of the target into the ground plane as shown in Figure A-l.  The 

XY plane defines the arbitrary coordinate system in which the azimuth 

angle, a, is measured.  The xy plane is not arbitrary; however, it 

is set up so chat the y-axis coincides with the reference position on 

the gun from which the lead angle is measured.  This axis also lines up 

with the measured position of the target (T(t)).  The velocity vector v 

to signify the path of the target, and the position of the target at 

the time of predicted intercept (T(t+At)) is shown in Figure A-l. 

In the xy plane and in terms of the measured quantities, 

x = ra cos(e) 

y0= r cos(e) 

y ■ r cos(e) - re sin(e) 

The lead angle \&  can be expressed as 

AA 
S
 tan 

■1 f-x(t + Atfl       J -x A t  "I 
|_ y(t + At J   tan |_y0 + y A t J 

At is time of flight of the projectile to the point of intercept. 

It is more convenient to leave the expression for the lead angle in this 

form.  Note that all of the terms in this equation (except At) are func- 

tions of the measured quantities.  At will be treated later, and will be * 

shown to be a function of the measured quantities. 

The azimuth angle of the gun is defined as 

AQ « a + tan l r -*&t i 
Lyo+ yAt J 
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The various partial derivatives of this expression with respect to the 

measured quantities can be obtained by application of the chain rule for 

partial differentation.  Note that the lead angle calculation is indepen- 

dent of the azimuth angle measurement, but that the gun position can be 

wrong if there is a measurement error involved with the azimuth angle a. 

This error can be likened to a tracking error in the azimuth direction. 

Elevation Angle of the Gun 

The elevation angle of the gun is shown in Figure A-2.  The w-axis 

in this figure coincides with the one shown in Figure A-l.  The expression 

for the elevation of the gun (EG) is given by 

% - ~*[«*^| 
Where 

z(t + At) = the altitude of the target at time of predicted 

intercept, 

Rf = the range to the target at time of predicted intercept 

In terms of the measured quantities: 

z(t + At) = zQ + zAt 

Where zQ - r sin(e) 

z = re cos(e) + r sin (e) 

and (referring to Figure A-l) 

R2 « (iAt)2 + (yQ + yAt)
2 + (z0 + iAt)

2 

- (*2 + y2 + i2)  At2 + 2 rr At + r2 
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v = Velocity of target 
A^ = Azimuth lead angle 

T(t): (a, e, r, a, e, r) 

Figure A-l.  Ground Plane Projection Of An Aircraft Flying At A Constant Speed. 

z(t+At)=z + zAt 
o 

u 

Figure A-2.  Elevation View Of The Target At Time Of Predicted Intercept 

• 
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The terms defining Ef can be expressed in terms of the measured quan- 

tities; therefore, the necessary partial derivatives can be obtained using 

the chain rule.  Note that the actual measurement of the present eleva- 

tion angle of the target is required here to calculate the elevation 

angle of the gun. 

Time of Flight 

The time of flight of the projectile to the point of predicted inter- 

cept must also be expressed in terms of the six measured quantities.  This 

is required because the partial derivatives of this quantity are necessary 

to complete the total partial derivatives of the expressions for A^ and 

v 
This derivation is based upon the two assumptions: 

1. Linear prediction (i.e., the target is not accelerating) 

2. The projectile obeys the following equation 

At = 
Vm - KRf 

The derivation proceeds as follows: 

Solving the Rf from the equation for At 

Rf = 
At Vm 

Referring to Figure A-l 

and equating to obtain 

1 + KAt 

R2 = V2 At2 + 2rr At + r2 

V2 At2 m ?  o    •      9 
  = V^ At2 + 2rr At + r 
(1 + K At)2    Z 
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Carrying out the indicated multiplications and combining coefficients of 

powers of At yields 

At4(K2V^) + (2 rr K2 + 2V2K)At3 + (r2K2 + 4 rr K + V2 - V2) At2 

+ (2 r2K + 2 rr) At + r2 = 0 

where 

K ■ ballistic coefficient of the projectile 

V = velocity of the target 

Vm ■ muzzle velocity of the projectile 

The only term in this quartic equation which must be expressed in 

terms of the measured quantities is Vt, the velocity of the target.  This 

can be expressed as 

v2 - *2 + -2 + -2 vt  x + y + z 

■ (ra cos(e))2 -r2e2) + r2 

This  completes the derivation of the equations defining the position of 

the gun in terms of the measured quantities.  The partial derivatives of 

the expressions for A~ and EQ can be obtained by application of the chain 

rule for partial differentation.  Similarly, the partial derivative of 

At with respect to the measured quantities can be obtained and used in 

the expressions for Ep and AQ. 

Angular Rates of Guns 

The angular rates of the gun in the azimuth and elevation directions 

are required so checks in the ISO-PK program can be made against maximum 

rates allowed.  These rates can be obtained from the expression derived 

earlier in this appendix. 
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The partial differential equations necessary to obtain F on page 13 

are contained in the section titled FORTRAN Source Program Listing on 

pages 56,  57, and 58 of the listing in subroutine GFUNC.  The deriva- 

tion of these partials is straight forward but very tedious.  It was felt 

that inclusion of the derivation of these partials would be of little 

interest to readers or users of this report.  Therefore, only the final 

form of the partials in FORTRAN notation is included.  The terms 

are given FORTRAN names which make a mnemonic interpretation of the 

quantity easy.  For example, PAXD stands for the p_artial of azimuth 

3A 
with respect to X-dpt or — . 

dx 
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